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will halve flight times to Africa 
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GREAT 


AIRCRAFT 


GREAT 
AIRLINE 


Fly KLM DC-8_ Interconti- 
nental Jets from New York or 
Montreal to Amsterdam V.V. 
non-stop. 


Fly KLM Lockheed Prop-Jet 
Electras through Europe to 
the East. 


Fly KLM Viscounts to Euro- 
pean destinations. 


Fly KLM for that famous 
friendly, attentive service. 


For information and reservations on all 
KLM flights to 74 countries on six 
continents, see your Travel Agent or 


nearest KLM Office. 
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Jet trainer 
built in quantity 


aermacchi i 7 ah | 
* | 


for the Italian Air Force 





Max. level speed 440 kts 


Mach number 0.8 

Take-off in 1,180 ft | 
Landing in 920 ft ! 
Climb to 20,000 ft in 5' 48” 

Ceiling 41,8 00 ft ae and air-conditioned 

Range 600 n. m. — 


Pressure fuelling. 


Ejection seats, operation synchro- 
nized with jettisoning of canopy. 








AERONAUTICA MACCHI S. p. A. + VARESE Founded in 1912 
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STRUVER GROUND POWER SUPPLY SYSTEMS FOR AIRLINERS 
















@ ROLSTARTER This equipment is used at many airports in 
Germany and other countries to start piston-engine aircraft and 
the VISCOUNT. 








JET-ELECTRIC 75 P 


Self-propelled, diesel-powered equipment for supplying power 
to the BOEING 707, DC-8 and LOCKHEED ELECTRA requiring 
400 c/s three-phase, 120/208 V. 


JET-FREQUENTA 

< 75 kVA frequency transformer 
for supplying jet aircraft with 
400 c/s three-phase, 120/208 V, 
from a permanently installed 
underground cable system of 
normal voltage. 


q@ JET-AIRSTARTER Diesel compressor unit for compressed 
air —s of BOEING 707, DC-8 and LOCKHEED ELECTRA 
aircraft. 





DUO-VOLTA , 


Diesel dual-voltage unit with separate d.c. generators for 112 
and 28 V, for starting and supplying power to the CARAVELLE 
and COMET jets, as well as the BRITANNIA and VANGUARD 


turboprops. 





AD. STRUVER KG AGGREGATEBAU HAMBURG 
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MORAVA L 200 
WINGS OF COMMERCE 





OM ‘ I PO L Foreign Trade Corporation 11 Washington Street Pr 


Agents: 


Argentina: Aeropat S.R.L., Casilla de Correo 21, San Fernando, Provincia Buenos 
Aires — Australia: Dulmison Aircraft Ltd., A.M.P. Building, 40, Miller Street, North 


Sydney — Austria: Ing. Alfred Rutte, Berggasse 16, Wien |X — Belgium: Raymond’ 


Heuvelmans, 36, Avenue Albert-Jonnart, Bruxelles — Brazil: Cia. Latino Americana de 
material aeronautico, 141, Praga Julio Prestes, Sao Paulo — Chile: Paul Speringer, 
Casilla 9526, Santiago de Chile — Denmark: Hammers Luftfahrt, Vesterbrogade 54, 


e Aircraft for men of standing 
e Aircraft for those who cannot be dependent on airline schedules 


i€ 





e Aircraft for those who must be able to go anywhere at any time 


¢ Aircraft for travelling all over the world, comfortably and safely 


Easy piloting, flight speed—280 km per hour, ceiling—6600 m, flight range— 
1700 km, fuel consumption—27 litres/100 km. 2 Walter M 337 motors with super- 
charger and direct fuel injection carry a pilot, four passengers and 110 kg of 
luggage on wings of Morava. 


Kobenhavn — Eire: Buckley's Motors Ltd., Shanower Road, Whitehall, Dublin — Federal 
German Republic: Aircraft G. Krautheim G.m.b.H., E/sa Brandstrémstr. 34, Nurnberg — 
France: E.A.M., 46, Rue Jacques-Dulud, Neuilly-sur-Seine, Seine — Great Britain: 
Aircraft and General Finance Corporation Ltd., 3, Red Place, Green Street, London W1 — 
Holland: R. Uges dr. Esq., Handelsmaatschappij Het Oosten, Thierenskade 27, Rijswijk 
Z.H. — Norway: Aero Electric, Radhusgaten 7 B, Oslo — Paraguay: Enrique Bendlin, 
Estrella 194, Asunci6n — Sweden: Hammers Luftfahrt, Vesterbrogade 54, Kobenhavn 
(Denmark) — Switzerland: Edwin Ott, Oerlikoner Str. 27, Ziirich. 
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AUTOLITE © 


THE LEADER IN AIRGRAFT WIRE! 


4 r RE | 5 WHY = Autolite’s Wire Research Laboratory has amassed a vast fund of answers to 

=» common problems. Moreover, Autolite’s staff of Research engineers working 
from this knowledge with imagination and inventiveness, are constantly discovering new answers to both old and 
new problems. Here are just a few of the ways the Autolite Laboratory assures you of reliable, top-quality wire. 








TEMPORARY OVERLOADING can lead to possible insulation damage or degradation. The 
ability of an insulation to withstand a sudden surge of current is a major consideration in the selection 
of wiring materials. Here a new silicone-rubber formulation effectively withstands a 700 per cent 
temporary overload which has caused a normal PVC insulation to burst into flames. 





LOW TEMPERATURES cause many insula- 
tions to become hard and brittle. At the same 
time, the wire may also be subject to severe 
vibration. This cold-flexing test indicates the 
ability of wire and cables to withstand these 
aspects of a space environment. 





If you have an aircraft wire problem, Autolite’s Research 
Laboratory is at your command. Simply write to 


THE ELECTRIC AUTOLITE COMPANY 


Export Division, Chrysler Building, New York 17, N.Y., U.S.A. 


CORONA problems are compounded as air density decreases at 
higher altitudes. Corona can seriously disturb other electrical 
j circuits, power losses are increased, and in extreme cases, insulation 
may fail completely. Testing the wire in a vacuum simulating high 
altitudes reveals the effectiveness of the insulation material. 


1183 

















THE DE HAVILLAND ENGINE COMPANY ‘ie (Gl LEAVESDEN HERTS ENGLAND 














AL im ta 


@ Article 3 





for the winners of the E. E. Heiman Prize 


Interavia’s International Essay Competition 


The first essays have now been received. For those who have not yet submitted their entries, the 


competition rules first published in No. 6/1960 are repeated below. 


Essay subject What could be done during the next ten years to develop short-haul 
air transport (over distances of up to, say, 600 miles) from the tech- 
nical and economic points of view ? 


Competition rules 


@ Article | The competition is open to all INTERAVIA readers. Members 


of the INTERAVIA management, editorial and administrative staffs, and 
their families are debarred from participating. 


@ Article 2 Manuscripts will be accepted in English, French, German or 


Spanish. They should not be longer than 3,000 words and must not have 
been published previously. 

Manuscripts (in two typewritten copies) must reach the 
INTERAVIA Secretariat, 6, rue de la Corraterie, Geneva, Switzerland, 
not later than 12 noon on December 3Ist, 1960. Handwritten manuscripts 
or manuscripts arriving after that date will not be considered. 


@ Article 4 The name of the author may not appear on the manuscript, 


which must be signed with a pseudonym. All manuscripts must be accom- 
panied by a sealed envelope containing the author’s full name and perma- 
nent address, marked on the outside with the pseudonym used. These 
envelopes will not be opened until the Panel has made its decision. 


@ Article 5 The Panel of Adjudicators comprises eleven internationally 


known personalities from aviation authorities, air transport and aircraft 
industry, plus a delegate from INTERAVIA. The names of the Panel 
members are listed below. 


WH Article 6 — No correspondence can be entered into, nor any claims enter- 


tained, regarding the decision of the Adjudicating Panel, which is final. 


Wi Article 7 — The best essay will be awarded a cash price of $1,500, the 
two runners-up cash prizes of $1,000 and $500 respectively. 


@ Article 8 — INTERAVIA reserves all rights for publication or translation 
of the prize-winning essays, without payment of fees. INTERAVIA also 
reserves the right to publish non-prize-winning essays, under terms and 
conditions to be agreed with the author. INTERAVIA does not, however, 
guarantee that prize-winning essays will be published. 


@ Article 9 — If in the Panel’s opinion no essay reaches the prize-winning 
standard, the prize money will be paid into a charity, to be selected by 
majority vote of the Panel. 


i Article 10 — The address given in the sealed envelope must be one at 
which the participant can be contacted at any time during the period of 
the contest. 


Wi Article 11 — Submission of a manuscript implies acceptance of the com- 
petition rules. INTERAVIA can accept no liability for the loss of manu- 
scripts, which will not be returned. The Geneva, Switzerland, civil courts 
are the only competent authority for the settlement of any disputes arising 
from the contest. 


INTERAVIA S.A., Geneva 


Panel of Adjudicators for the INTERAVIA Essay Competition 


CHAIRMAN: 


Paul Moroni 
Secretary General of Civil and Commercial Aviation, Paris 


PANEL: 


D. Luis Azcarraga Pérez Caballero 
Director General of Air Traffic Control Air Ministry, Madrid 


Willem Deswarte 
General Manager Sabena, Brussels 


Dipl.-Ing. Claudius Dornier, Jr. 
Head of the Dornier Werke GmbH, Munich 


Herbert O. Fisher 
Chief, Aviation Development Division, The Port of New York 
Authority, New York 


Sir Arnold Hall 
Managing Director Bristol Siddeley Engines Ltd., Filton, Bristol 


J. B. Montgomery 
General Manager Flight Propulsion Division, 
General Electric Co., Cincinnati, Ohio 


C. W. Moore 

Executive Vice President Chicago Helicopter Airways, Inc., 
Chicago, Illinois 

Sergei I. Sikorsky, Jr. 

United Aircraft Export Corporation, Cologne 


Ing. Bruno Velani 
Managing Director Alitalia, Rome 


Henri Ziegler 
Chairman and Managing Director SA des Ateliers d’Aviation 
Louis Breguet, Paris 
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Orders for Britain's Aircraft Industry 


A number of new orders for the British 
aircraft industry were announced during 
Farnborough week: 

The Ministry of Aviation placed a “sub- 
stantial” production order with Westland 
Aircraft for the Saunders-Roe P.531 Wasp 
light helicopter for the Army. The Army 
Wasp is powered by the Blackburn A.129 
Nimbus free-turbine engine, for which Black- 
burn received an initial Ministry of Aviation 
contract last May. The Turmo-powered P.531 
has already been delivered to the Royal 
Navy. 

A small batch of Hawker P.1127 ex- 
perimental VTOL aircraft will be purchased 
from the Hawker Siddeley Group to form 
an RAF development squadron. 

British independent operator Jersey Air- 
lines ordered six extended-fuselage Handley 
Page Dart Heralds, with deliveries scheduled 
to begin in June 1961. 

A second British independent airline, 
BKS Air Transport, placed a contract for 
three Avro 748 twin-turboprop transports 
from the Hawker Siddeley Group for opera- 
tion on domestic and continental services. 
This follows an initial order for two Avro 
748s in September 1959. 

Armstrong Whitworth Aircraft Ltd. (Haw- 
ker Siddeley Group) announced receipt of a 
Ministry of Aviation order for a further 
16 AW.660 freighters for RAF Transport 
Command, bringing the total on order for 
the RAF to 56 aircraft. 

De Havilland Aircraft (HSG) is negotiating 
an order for five Comet 4Cs for RAF Trans- 
port Command, for delivery during 1961 
and 1962. 

Finally, it was reported that the Swedish 
Air Force is considering placing an order 
with Folland Aireraft (HSG) for about 
100 Gnat jet trainers, though no firm 
contract is apparently yet in sight. 


Military Affairs 


The Belgian Government has been discussing 
the question of the projected 10,000 million 
francs ($200 million) cut in the national 
budget, one quarter of which (2,500 million 
francs) is to be saved out of the defence 
budget alone. It has, however, been an- 
nounced that existing plans for reorganizing 
the Belgian Air Force and procuring Lock- 
heed F-104G multipurpose fighters will not 
come under the axe. According to reports 
from Brussels, orders for the F-104G are to 
be spread out over 1961 to 1965, with 
contracts for about 20,000 million franes 
($500 million) going to the Belgian industry 
for its share in the European F-104 pro- 
duction programme. The work is expected 
to employ about 7,500 persons in Belgium, 
and the technical and scientific experience 
gained should be of considerable value to the 
Belgian industry. 

od 


The West German Defence Ministry budget 
for the 1961 fiscal year (for the first time 
identical with the calendar year) will be at 
a record level of over DM 11,000 million 
($2,619 million). In 1960 the ordinary budget 


“ 





*Interavia Air Letter Is a daily international news 
digest published in English, French (“ Courrier Aérien”) 
and German (“ Luft-Post”). All rights reserved. 
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amounted to DM 9,368 million, and the 
extraordinary budget to DM 362 million. 
Main defence procurement items for 1961 
include DM 951 million for aireraft and 
guided missiles, DM 435 million for new 
ships for the Navy, DM 90 million for 
research and development, DM 30 million as 
contribution to NATO, and DM 21.8 million 
for the establishment and maintenance of 
German armed forces depots abroad. e 


The Japanese Defense Agency plans to estab- 
lish an anti-submarine naval task force by 
1965, comprising a helicopter carrier, six 
submarine chasers and one tanker. The task 
force will be deployed in joint operations 
with the U.S. 7th Fleet to protect sea lanes 
between Japan and the United States. 

* 


The United States’ Atlas and Titan operational 
squadrons are to be incorporated into existing 
SAC wings. The 703rd Strategic Missile 
Squadron at Lowry AFB will be the first 
hardened silo Titan site to become opera- 
tional, and will be assigned to the U.S. 
15th Air Foree. The tripartite organization 
of each wing is a forerunner of the future 
composition of SAC, combining bombers, 
tankers and missiles. 

* 


The U.S. Air Force has successfully tested the 
North American Aviation Hound Dog air-to- 
surface missile as a booster to assist the 
Boeing B-52 on take-off. Once in the air, the 
missile’s tanks will be topped up to re- 
plenish fuel used during take-off. The thrust 
augmentation will give SAC greater mobility 
in deployment of the B-52, and will permit 
the aircraft to operate from a number of 
shorter length airtields. 

, * 


The United States and Australia have signed 
an agreement covering general technical 
cooperation in weapons research and de- 
velopment. Australia will now be able to call 
on U.S. aid in developing weapons designed 
in Australia, and for weapons developed with 
American aid to be manufactured in Austra- 
lia for the U.S. Armed Forces or the allies. 


Four USAF Strategic Air Command and six 
French air bases in Morocco are to be 
evacuated by 1963, in accordance with 
agreements worked out with the Moroccan 
Government. The Moroccan Information 
Ministry says the bases will be converted 
into flying schools for training African and 
Asian pilots. The U.S. base at Ben Slimane, 
near Casablanea, and the French airfield at 
Rabat have already been transferred to 
Morocean control. 

© 


The Australian Government had still made 
no final decision, at the time of writing, on 
the question of a new front-line supersonic 
fighter for the RAAF, but recent reports 
suggest that the Mirage III will probably be 
the final choice. The technical report being 
prepared by the RAAF mission for the 
Government is expected to contain recom- 
mendations on equipping the Mirage III 
with Rolls-Royce engines (of which the 
Australian industry and RAAF have al- 
ready had experience). 


Air Transportation 


El Al Israel Airlines’ Chairman Brigadier 
General Moshe Carmel was due to set out on 
a mission to the new African States at the 
end of last month, for discussions with gov- 
ernments (e.g., Ghana, Liberia and others) 
on the possibility of opening up new routes 
for El Al. With two Boeing 707s due for 
delivery next year, El Al is looking for new 
employment for its Bristol Britannias, and 
Africa appears to offer a good potential 
market. General Carmel is also expected to 
discuss Israeli technical aid, including agri- 
cultural flying operations. He was to be 
accompanied by Dr. Kapelner, who is in 
charge of development projects and has 
recently completed a tour of the African 
countries to study commercial possibilities. 
Tel Aviv sources expect El Al to open at 
least two offices in Africa next year, as well 
as others in South America. 

e 


The Australian Parliament is discussing a 
bill covering increased charges on the airlines 
for the use of airports and airways facilities. 
The new charges (up to 64 percent higher 
than present rates) will particularly affect 
aircraft above 50,000 lb in weight and are so 
graduated that about the half the revenue 
return to the Government will come from 
international carriers. The annual cost of 
maintaining and operating these facilities 
is £A13 million, to which the user carriers 
currently contribute £A700,000; the pro- 
posed increases would boost the return to 
£Al1 million in the current year and to 
£A1,150,000 in a full financial year. Cost to 
the two Australian domestic operators, 
Ansett-ANA and TAA, will be an additional 
£A100,000 each per annum. 

These moves came at a time when the 
IATA Annual General Meeting in Copen- 
hagen was urging member airlines to oppose 
increased landing fees and airport facility 
charges, since rising landing fees in many 
countries and new charges for en route 
facilities had considerably raised airline 
operating costs during the past year. 


Industry 


Rolls-Royce and Hispano Suiza report that 
the long-discussed licence agreement for 
joint production of the Rolls-Royce Tyne 
turboprop has now been ratified. The agree- 
ment covers production for the Breguet 1150 
Atlantic maritime reconnaissance aircraft for 
NATO and for the Franco-German Transall 
transport, but may be widened later. 
(Under earlier agreements, Hispano Suiza 
has produced the Rolls-Royce Nene and 
Tay jets.) 

e 


Douglas Aircraft Company and C. Itoh & Co. 
Ltd. have announced that by mutual consent 
the commercial and military sales agency 
agreement, which expired on August 31st, 
1960, will not be renewed. In future Douglas 
will be represented in Japan by Douglas 
Aireraft Company (Japan) Ltd. (Nihon Dou- 
glas Hikoki K.K.), which has been active in 
sales promotion work during the past two 
years. Usaburo Yoshida, former Managing 
Director of Itch, becomes Managing Director 
of the Douglas Japanese subsidiary, to assist 
Douglas Vice President Harold P. Leverenz. 


The United States Congress has approved a 
bill permitting the Government to spend 
$73 million this fiscal year on the develop- 
ment of a nuclear aircraft engine. Under 
present Atomic Energy Commission plans, 
$41.6 million of the total will be awarded to 
the General Electric Company, and $27.5 
million to the Pratt & Whitney Division of 
United Aircraft Corporation for their res- 
pective nuclear reactor projects. The re- 
maining $3.9 million will be expended for 
Government research at Oakridge National 
Laboratories. (continued on page 1188) 






HEAT EXCHANGERS 


For any purpose. In any metal—especially very thin 
gauge aluminium and stainless steel. We design and 
manufacture. We service all makes, English and 


American. 





Light alloy oil cooler/fuel heater fitted to the Bristol 
Siddeley * Sapphire’ S.A. 7 engine. 
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Replacement unit for light alloy oil cooler for the a 
Rolls- Royce ‘ Dart * engine. 
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HEAT INSULATION 
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Lh ae V4 oe fr ’ We were pioneers in this field and today are leaders. 

am =o a aN 3 ™S ." Our hermetically sealed blankets and ducting provide 
33 a ey a 9 i. , high insulation, low weight, easy access. Awkward 


shapes present no problems. 


A Insulated ducting fitted to the heat ex- 
changer of the Handley Page ‘ Herald’. 


Thermal insulation blanket for the Vickers ‘ Van- 
guard’. Its job is to protect the fuel tanks from 
the heat of the jet pipe. 


We shall be glad to discuss your problems in both these fields. 


D | | G i] | Vulcan Works, Edgware Road, London, N.W.2. 
; e aney I ay LTD Telephone: GLAdstone 2201 














The Ampex FR-700 
wideband magnetic tape system 
can function as a universal 
predetection telemetry recorder. 
This ground-based companion to 
the airborne AR-300 both records 
and reproduces, and will play 
back tapes recorded on any Ampex 
AR-300. Bandwidth data is FM 
recorded using a 6 megacycle 
carrier. Rotating magnetic heads 
record transversely, one 
wideband channel for one hour at 
12% ips., or two wideband 
channels simultaneously for one-half 
hour at 25 ips. Input power is 
1200 watts at 50 or 60 cycles. For 
specifications write to Ampex Great 
Britain Limited, Arkwright Road, 
Reading, Berks., England. 








INTERAVIA AIR LETTER Reports... 


(Continued from page 1187) 


Flight tests; new aircraft 


The Breguet 940 experimental STOL aircraft has resumed flight 
testing, after undergoing a number of modifications decided upon 
as the result of earlier tests. Work on the production model of this 
aircraft, the Breguet 941, is also continuing according to pro- 
amme. Completion of the first production aircraft is scheduled 
or April, 1961. The company also announces that quantity 
production of the Breguet 1050 Alizé anti-submarine aircraft is 
well in hand at the Toulouse and Anglet plants. So far 47 of these 
aircraft have been handed over to the French Naval Air Arm. 


Carrier trials of the Potez-Fouga (M.175 Zéphyr naval trainer 
aboard the aircraft carrier Arromanches are producing very 
satisfying results. Two aircraft are being used, and several hundred 
take-offs and landings have already been carried out. The CM.175 
is in production for the French Naval Air Arm, and 24 have been 
completed to date. 

* 


Boulton Paul Aircraft Ltd., on behalf of and in collaboration with. 
the Ministry of Aviation, has been carrying out investigations into 
possible configurations of VTOL aircraft. So far three base concepts 
have been studied, including an airliner project designated P.146. 
This design has completely separate lift and thrust engines. 
According to Boulton Paul, the aircraft could achieve cruising 
speeds of around 500 m.p.h. and carry up to 96 passengers. 


The prototype Armstrong Whitworth AW.660 is now well advanced 
in its flight development trials, and the first production model for 
RAF Transport Command will be flying before the end of the year. 
The second complete fuselage off the production line is about to 
begin pressurization trials in a water tank. ° 


The “Dresden 152” four-jet airliner built in East Germany resumed 
its flight tests at the end of August. Production versions of the 
152 will accommodate 48, 58 or 73 passengers; luxury and pure 
freight versions are also offered. The Dresden 152 is now powered 
by Pirna 014 jets of the new A-1 series, delivering a static thrust 
of 7,275 lb each. Meanwhile, the recently formed Swedish charter 
company Falcon Airways Sweden AB is said to be negotiating 
with the East German Association of People’s Aircraft Factories, 
Dresden, for the purchase of several aircraft of this type. It is 
rumoured that the Swedish company will be offered “exceptionally 
favourable” payment conditions should it decide to place a firm 
order. 


Powerplants, accessories and equipment 


The Grumman AO-1 Mohawk can be fitted with SLAR (side-looking 
airborne radar), it has just been announced. In spite of the equip- 
ment’s great size, the flying qualities of the Mohawk are said to be 
unaffected. SLAR can take radar photographs of the territory 
overflown on 4x5 inch plates or 70 mm roll film, which are 
developed in the air in a few seconds. 

® 


The General Electric CT58-100-1 shaft turbine has received FAA 
certification for 1,000 operating hours between overhauls. 
* 


Teflex is the name of a new plastic which is acid-proof and retains 
its physical properties at temperatures of up to 150°C. 
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A new electrical propeller de-icing system has been developed by 
B. F. Goodrich Aviation Products Division. The system is described 
as being comparable in cost to conventional alcohol de-icers that 
are anywhere from two to five times as heavy and has been selected 
by the U.S. Navy for installation in 20 Piper Aztec aircraft recently 
purchased for personnel transportation. FAA certification has also 
been received for use in the Beech 95 Travel Air and the Piper 
Apache. In addition the system will be supplied in complete kit 
form for the Aero Commander, Cessna 310, Beech D7-E.18, Twin 
Bonanza, etc. Weight 8 to 10 lb; power 9 to 11 A. 

a 


Robert Bosch GmbH has resumed production of electrical acces- 
sories for the aircraft industry. Among the items taken over from 
the earlier production programme and manufactured according to 
the latest state of the art are aircraft ignition switches. Bosch also 
makes fully screened sparking plugs to international standards; 
these are already being supplied to the German industry and will 
shortly be available for foreign-built engines. The plugs have 
12, 14 and 18 mm screw threads. The company produces a fully 
suppressed ignition unit for the Lycoming GO-480 engine under 
construction at BMW, as well as circuit breakers, including a 
lightweight model for 24 volt 100 amp d.c. The latter will withstand 
currents with high peaks (up to 1,000 A) occurring for brief periods 
of time. 











The Ampex AR-300 airborne magnetic tape recorder 
offers 16 times the frequency response of existing wideband equipment. 
New applications in video bandwidth recording such as radar 
tracking and reconnaissance, simulation and wideband communications 
monitoring, are now practical because the AR-300 — and its ground-based 
companion, the FR-700—employs rotating magnetic heads...a 
principle pioneered by Ampex and now in use by more than 650 VIDEOTAPE* 
Television Recorders throughout the world. Two channels of wideband 
information can be captured over a data spectrum from 10 cps to four 
megacycles, +3 db. Simultaneously, two auxiliary information channels, with 
frequency response from 200 cps to 15 Kc, are recorded linearly along 
the edge of the tape. Solid-state components and advanced packaging 
techniques case-shock mounted provide a recording system that displaces 
only 3% cu. ft., weighs less than 150 Ibs. To obtain a highly accurate time-base 
relationship, tape is pre-heated prior to recording. A heat exchanger 
maintains constant ambient, insuring reliable operation of the AR-300 under 
extreme environmental conditions. For specifications write to Ampex 
_ Great Britain Limited, Arkwright Road, Reading, Berks., England. 


@TM AMPEX CORP, 


See Ampex Recorders at Interkama, Booth 3114 in Halle C 
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The twin-turbine powered YHC-1A is the perfect 
partner-in-mobility to today's fast-striking Marine 
Corps units. This swift, multi-mission aircraft can 
be launched from a carrier, fly to the battle area 
and set down on virtually any terrain — including 
rivers and streams. Its unique rear-loading ramp 
and unobstructed payload compartment permit 
men and equipment to be loaded and unloaded in 
minimum time. Tactical loads can be transported 
internally which permits concealment of mission 
objectives and offers personnel and equipment 
protection from weather. Carried externally, pre- 
packaged loads can be hooked to the cargo sling by 
a crewman inside the cabin and precisely dropped 


by the flick of a switch on the pilot's stick. 


Equally adaptable to Marine and/or Navy opera- 
tions, this all-weather helicopter can perform mis- 
sions ranging from ASW and mine-sweeping to 
ship-to-ship transfer. This adaptability, together 
with all-around superior performance, make the 
YHC-1A the most advanced helicopter in the air 


. a logical transport for the fighting Marines. 
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Simplified 
ground handling 


... another example of Douglas 
superiority built into the 


DC-8S 


The DC-8 features illustrated insure rapid, 
efficient handling at air terminals ... very 
important to high productivity. 

Roomy cargo compartments also help 
achieve quick turnaround. Their wide doors 
(two forward, two aft) and 1390-cubic-foot 
cargo capacity make loading and unloading 
simple and fast. A unique DC-8 feature is 
an optional pre-load cargo container system 
comprising eleven 60-cubic-foot units which 
can be on or off loaded in three minutes. 

Because Douglas starts at a level of trans- 
port experience years ahead of other manu- 
facturers, it has been able to design the : od 
jetliner which best meets airline requirements. Swiveling aft landing gear trucks allow DC-8 to maxe 
180-degree turn on runway less than 88 feet wide... 
cut jetliner’s turning radius for wing-tip clearance to 
91 feet, 1 inch . . . sharply decrease tire wear while 
facilitating terminal maneuvering 


Blow-away jets 
prevent ground par- 
ticles from being 
sucked into engine 


intakes 
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DOUGLAS 
DC-sS 


Airline Profitmaker 





LOW OPERATING COSTS / HIGH PRODUCTIVITY / DEPENDABILITY / DURABILITY 
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How to fly through 
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a needle’s eye 


Precise navigation to a given destination has 
been, and continues to be, a major problem for 
both military and commercial aircraft. 


In the early days of flying, pilots flew low to follow 
roads and railroads. Later, with radio, they were 
guided by voice contacts. Then the radio beam 
was developed. 


But, in all these, there has been dependence on 
external help. 


Today, with a new Hughes electronic navigation 
system, a pilot can literally fly “blind” to any 
spot he chooses. He can fly at supersonic speeds, 
even at very low altitudes. He can fly in any 
weather. He need never see the ground or sky. 


This new system can achieve very accurate weapon 
placement with a wide variety of armament even 
under adverse weather conditions. 


This system is called TARAN, a veritable “flying 
brain” with amazing aptitudes, incorporating 
several new achievements in the electronic art. It 
has a radar system with several times the range 
and resolution of current radars. It has an auto- 
matic navigation system which provides the pilot 
with a continuous picture of his position on a 
moving map display. It has a unique terrain 
clearance system which warns the pilot of any ob- 
stacles when he is flying at low altitude. And all 
of this capability is in a small, light-weight “pack- 
age,” with low first costs—low maintenance costs. 


TARAN is but one example of Hughes pioneer- 
ing advances in the state of the electronic art. 
Other Hughes achievements include electron tubes 
that can “freeze” pictures and “remember” im- 
ages, parametric amplifiers that increase radar’s 
range for better air traffic control, solid state 
radiation detectors that will bring far-reaching 
benefits in the fields of industrial processing and 
medicine, an “atmoic” clock that can test Ein- 
stein’s theory of relativity—just to name a few. 


Perhaps you can benefit from major engineering 
and scientific efforts such as these. We invite your 
inquiry on how Hughes can help you improve 
your present product or develop your ability to 
produce more profitably. 





The Moving Map Display provides the pilot with 
continuous position and course information. At each 
designated check point, the system automatically checks 
the map position against the radar display and makes 
the necessary flight corrections. 


HUGHES INTERNATIONAL | 
A DIVISION OF HUGHES AIRCRAFT COMPANY 


CULVER CITY, CALIFORNIA, U. S. A. 


1T95. 
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LUFTHANSA + Senator = Enjoyable Flying 


The more comfortably you travel, the more rested you will be at your desti- 
nation. From November onwards, choose the Senator service for your trip 
to the Far East. You will be delighted. 

Your local LUFTHANSA office will be glad to advise you; so will the offices 
of our partners in the Far East: Air France, Alitalia and T.A.I., or yourown 
travel agency. 


LUFTHANSA 


THE LEADING AIRLINE FOR SERVICE 


























HOW A 

PISTON PIN 

THAT 

LOOKED LIKE THIS 
PROVED 

ENGINES ARE 
SMARTER THAN 
SOME 

PEOPLE 





An overhauled R-985 engine was being shop-tested. During the check-out 
a new piston pin failed. Damage to the power section was extensive... 
expensive, too. Rods and pistons were broken. Although the fractured 
pin might have looked like a Pratt & Whitney Aircraft original equip- 
ment part, the engine soon detected its invisible defect. 

The steel in the look-alike pin lacked sufficient hardness. Its specifica- 
tion had long since been discarded by Pratt & Whitney Aircraft engineers. 
Through continuous research, experiment, redesigning and testing, a 
steel better able to cope with extremes in wear and fatigue had been 
specified. 

Such incidents are not uncommon. They only prove that engines are 
smarter than some people. So it makes good sense to depend on Pratt & 
Whitney Aircraft original equipment parts. They are reliable, economi- 
cal and quickly available direct from United Aircraft Export Corporation 
or from Pratt & Whitney Aircraft’s duly authorized licensees abroad. 


UNITED AIRCRAFT EXPORT CORPORATION 


East Hartford 8, Connecticut, U.S.A. 





<curopean Headquarters: 3/5 Warwick House Street, London S.W. 1, England 
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Perfection in miniaturisation 
is achieved in new 

ULTRA TYPE.UA60 INTERCOMM. 
Station boxes for fifteen or twenty-five 
services with push-button selection. 
Receiver push-buttons incorporate 
volume control. Edge lit panel. 


Equally suitable for British and 






..». NEW uttra INTERCOMM 


American radio installations. 


TAILORED TO SPECIFICATION 


Please write for further information 


ULTRA ELECTRONICS LIMITED 


WESTERN AVENUE - LONDON - W3 - Telephone: ACOrn 3434 


RADIO AND RADAR SYSTEMS: AIRCRAFT ENGINE CONTROLS & INTERCOMM: DATA PROCESSING EQUIPMENT 
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FIGHTER AND STRIKE AIRCRAFT 
TO EQUIP THE AIRCRAFT CARRIERS CLEMENCEAU AND FOCH 


GENERALE AERONAUTIQUE MARCEL DASSAULT 


1199 











1200 


FAR EAST 


Zurich, 
Switzerland's business and NEAR EAST 


tourist center 

offers you direct flights 

to all continents 

and to the most important 
cities of Europe 







SOUTH AMERICA 








EUROPE 





AUSTRALIA 





ZURICH 
 INTER- 
CONTINENTAL 


AIRPORT 


important link in World-Wide Air-Traffic 
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FIAT G 91 T FI 


BRISTOL SIDDELEY ORPHEUS 80302 JET 














The G9I1T landing on grass 





1 

Fiat G 91 T — Bristol Siddeley Orpheus 80302 engine 
The jet trainer with all the characteristics of the G 91, NATO's single-seat lightweight strike fighter, for training pilots in 
supersonic flight via the intermediate stages of subsonic and transonic flight. 
Pilots trained on the G 91 T are ready for assignment to units immediately afterwards. 
A single aircraft serves both for advanced and operational training, and for combat 
purposes. 
Its similarity to the single-seat fighter makes it ideal not only for advanced and operational training, but also for actual opera- 
tion on ground support and armed reconnaissance missions. 
Principal characteristics Dimensions Performance 
and performance figures wing span 28.24 ft speed transonic 

length 39.37 ft time-to-climb 

height 13.94 ft to 13,200 ft 4 min 30 sec 

to 26,400 ft 8 min 
Weight 11,770 1b range 680 n.m. 
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FIAT — DIVISIONE AVIAZIONE — Corso G. Agnelli 200 — TURIN (Italy) 











More airlines (and airports) are adopting the 
Air Partner for Jet-liner starting 


SAS KLM SABENA ALITALIA 
TASMAN EMPIRE AIRLINES AIR-INDIA 
CENTRAL AFRICAN AIRWAYS 
SOUTH AFRICAN AIRWAYS 
TRANS-CANADA AIRLINES... 


These international airlines all use or have ordered the Atlas Copco Air Partner. 
Airports are also beginning to provide Air Partners as part of their ground service. 
Idlewild, Orly, Rome and Dusseldorf are among the first! A mobile starting 
unit which delivers continuous power, the Air Partner can be used on all jet and 
turbo-prop alrliners with airturbine starters. A touch of the controls and it becomes 
an air-conditioning unit; fix a special mouthpiece to the air hose, and you have a 
de-icing machine. The Air Partner can be mounted on a trailer or any suitably- 
sized chassis —Ford, Volvo, Willys, etc. 


MINIMUM MAINTENANCE 


The Air Partner consists of an Atlas Copco TWIN-AIR rotary screw compressor 
—a design based on some ten years’ testing and operating experience. Supplying 
a constant flow of warm, oil-free air—an essential condition for efficient starting 
—this compressor has few moving parts. Wear is thus practically eliminated and 
maintenance costs cut to a minimum— 10,000 hours is the normal period between 
overhauls for screw compressors of this type. Maintenance on the Air Partner 
can be carried out by airline personnel anywhere in the world or through the 
Atlas Copco sales and service organisation established in ninety countries. 


WRITE FOR THE BOOKLET 


An Atlas Copco booklet giving full details of the Air Partner is readily available 
on request. Write for a copy to your local Atlas Copco company or agent or to 
the address below. 


Sltlas Copco 


AIR PARTNER 


a contribution to the jet age of air travel 





Atlas Copco AB, Stockholm 1, Sweden , 










































































































































































In the U.K.: Atlas Copco (Great Britain) Ltd. Hemel Hempstead, Herts 












































The French Parliament is debating a bill for a “programme 
law” “relating to certain military equipment,” a law which is 
said to have been drafted, at least in part, by General de 
Gaulle himself. 


In less than 2,000 words the bill defines the missions devolving 
upon the French armed forces and orders the production of 
the arsenal which they are to use. As regards the missions, 
the key to the text of the law is to be found in the following 
phrase: “To uphold national independence, to meet France’s 
responsibilities in Africa and her obligations to the Com- 
munity, and to honour her undertakings with regard to the 
defence of Europe and the free world; these aims imply the 
possession of a national thermo-nuclear armament, without 
excluding any possibility of technical collaboration or strategic 
cooperation.” 


This is the counterpart to the stand taken by British Defence 
Minister Duncan Sandys in 1957 and 1958; it is also something 
more, since thermo-nuclear armament has become the corner- 
stone of French defence policy, not only for maintaining 
national independence, but also for other tasks of less vital 
importance. It is clear that, with his great experience of defence 
matters, the French Head of State considers that if France 
had insufficient artillery in 1914 and insufficient tanks and 
aircraft in 1940, she cannot now afford to be without the new 
explosive in the event of a further crisis. In addition, General 
de Gaulle has stated that his “strike force” is the instrument 
of a national policy of deterrence, i.e. of preventing the use of 
armed force. 

In addition to the nuclear strike force, the bill provides 
for “an inter-service intervention force of limited size but high 
efficiency, suitable for other forms of conflict,” and “the con- 
tinued pacification of Algeria.” In this way the French Govern- 
ment has announced its intention of pursuing a threefold 
military policy: deterrence on a national scale by means of 
thermo-nuclear weapons, rapid intervention in limited conflicts, 
and the pacification of Algeria by the presence of armed forces 
in the dual role of “policemen” and administrators. To this 
triple effort must be added that which has become necessary 
to replace the gifts of materiel handed over by the United 
States under the Mutual Defense Assistance Program. 


For research, experimental work and the manufacture of 
the resulting armament, France intends to spend during the 
next five years the sum of 31,160 million new francs, or 6,232 
million dollars, i.e., over 1,246 million dollars a year. The new 
bill does not, however, make provision for the entire volume 
of defence research and production, but restricts itself to 
planning for items of major importance “in respect of which 
it is necessary and possible to pledge ourselves for the period 
of five years”; the rest will be paid for out of the normal 
annual budgets. The total provided for under the “programme 
law” thus amounts to only 11,790 million new frances, or 2,358 
million dollars, i.e., 471,6 million dollars per annum. 


Compared with these credits, the ambitions: of the “pro- 
gramme law” are vast indeed. Briefly, they are as follows: 
To manufacture the thermo-nuclear explosive in sufficient 
quantity to equip the “strike force” with medium-power 
warheads (in the kiloton range); to build a strategic aircraft 


France, Too, Has Her Defence White Paper 





to carry nuclear bombs and to develop a ballistic missile 
sapable of carrying a nuclear warhead; for the Navy, it is 
planned to finance development work on a nuclear-powered 
submarine which would probably be equipped with ballistic 
missiles, since the primary advantage of nuclear propulsion is 
that it makes possible the long cruises which help ensure the 
survival of the reprisal force. The law thus makes provision 
for all the techniques which are at present available to trans- 
port the nuclear explosive. 


A parallel effort is planned for the so-called “intervention 
” which would use both conventional explosives and 
low-power nuclear warheads, The force would be equipped 
with high-performance combat aircraft (mainly fighter- 
bombers), transport aircraft and aerial ASW equipment ; 
three missile-launching cruisers for the Navy, to escort the 


force, 


aircraft carriers planned under the present French naval pro- 
gramme; and finally, short- and medium-range ballistic 
missiles, anti-aircraft missiles (Hawk programme) and new 
motor transport and modernized light armoured vehicles for 
the Army. 


As far as the aircraft side of the programme is concerned, 
the French armament plan appears unlikely to meet with 
setbacks. The piloted strategic weapons system (Mirage IV), 
the fighter-bomber/strike aircraft (Mirage III), the carrier- 
borne fighter (Htendard IV M) and the trainer (Fouga Magis- 
ter) already exist as prototypes or preproduction models, or 
are being manufactured in quantity. The NATO patrol aircraft 
(Breguet Atlantic) is planned for production on a European 
scale (Germany, Benelux countries, Great Britain, France), 
the helicopters to be used will be Sud-Aviation Alouettes and 
Frelons, and finally, the light transport aircraft will be a twin- 
engine model using Turboméca Bastan turboprops. What is 
more, the number of aircraft to be produced is relatively small: 
50 bombers, 270 fighter-bombers, 50 carrier-borne fighters, 
27 ASW aircraft, 80 light transport aircraft, 70 trainers and 
220 helicopters. Altogether, the new law provides for the pro- 
duction of only 767 aircraft of 8 or 9 different types, or an 
average of some 150 aircraft or helicopters a year. Although 
this may not seem much, the aircraft in question are relatively 
expensive, either because of their tonnage (patrol aircraft, 
heavy helicopter) or because of their high performance and 
electronic equipment (Mirage III and Mirage IV). 


While disagreeable surprises are unlikely with this relatively 
conservative side of the programme, French ambitions in the 
ballistic missile field, as stated in the “programme law,” appear 
out of all proportion to the credits allocated. Expenditure of 
770 million new franes, or 154 million dollars, over a period 
of five years for the development and possible manufacture of 
long-range ballistic missiles and tactical rockets, is hardly in 
line with the lessons of American and British experience in 
this field. 


Here, as in the case of the nuclear explosive, it is evident 
that France will tomorrow come to the same conclusions as 
those which Great Britain has reached today : either collabo- 
ration, with the United States in particular, or the abandon- 
ment of certain developments which are beyond the reach 
of any but the two giants of this world. 












INTERNATIONAL 
MEETINGS AND CONFERENCES 


Oct. 10th-14th: SAE National Aeronautic 
Meeting. Los Angeles, Calif. 

Oct. 12th-14th: Third Annual Symposium 
on Astronautics. Los Angeles, Calif. 

Oct. 12th-14th: Thirteenth Annual Gaseous 
Electronics Conference. Monterey, Calif. 
Oct. 12th-14th: Institution of Production 
Engineers, “Modern Trends in the Mani- 
pulation of Metals.” Brighton, England. 

Oct. 14th-15th: Society of Photographic 
Scientists and Engineers, Symposium on 
High-Speed Processing. Washington, D.C. 

Oct. 17th-1Sth: Annual Joint Canadian 
Aeronautical Institute/Institute of the 
Aeronautical Sciences Meeting. Montreal. 

Oct. 17th-20th: Aireraft Owners and Pilots 
Association Annual Convention. Las Vegas, 
Nevada. 

Oct. 19th-21st; South-Eastern Airport Ma- 
nagers’ Association Meeting. Sarasota- 
Bradenton, Fla. 

Oct. 19th-21st: IRE Space Navigation Sym- 
posium. Columbus, Ohio. 

Oct. 19th-26th: International Congress and 
Exhibition of Instrumentation and Auto- 
mation (INTERKAMA). Diisseldorf, Ger- 
many. 

Oct. 20th-2ist: Canadian High Altitude 
Research Symposium, Canadian <Aero- 
nautical Institute Astronautics Section. 
Chateau Laurier, Ottawa. 

Oct. 20th-2Ist: TAS and Denver Research 
Institute Symposium on Hypervelocity 
Techniques. Denver, Colo. 

Oct. 24th-25th: Symposium on the Medical 
and Biological Aspects of the Energies of 
Space, sponsored by the USAF Aerospace 
Medical Center. San Antonio, Tex. 

Oct. 25th-Noy. 2st: ICAO Airworthiness 
Committee. Montreal. 

Oct. 26th-27th: 1960 Computer Applications 
Symposium. Chicago, Il. 

Oct. 27th-28th: IRE Professional Group on 
Electron Devices Meeting. Washington, 
De. 

Nov. 4th-5th: Institute of Radio Engineers 
Symposium. Montreal. 

Noy. 21st-25th: Second Industrial Photo- 
graphic and Television Exhibition. Man- 
chester. 

Dee. 5th-11th: World Airline Employees 
Convention. Las Vegas, Nevada. 

Dee. 6th-Sth: National Aviation Trades 
Association, Annual Meeting. Oklahoma 
City, Okla. 

Dee. 13th-15th: Eastern Joint Computer 
Conterence. New York. 

Dee. 17th: Wright Brothers Lecture. Wash- 
ington, D.C. 





Photo credits: Front cover : manufacturers ; p. 1221: 
U.S. Navy; pp. 1222-1224: Admiralty (8), Royal 
Aircraft Establishment 1), manufacturers 1 

pp. 1225-1227 : manufacturers (7), Interavia drawing 
1); p. 1228: manufacturers ; pp. 1233-1235 : manu 
facturers ; pp. 1286-1240: French Navy (3), Service 
Cinéma des Armées (6), manufacturers (3), Interavia 
drawing (1); pp. 1249-1255: manufacturers (1%), 
Interavia drawing (1); pp. 1256-1257: manu- 
facturers ; pp. 1258-1261 : manufacturers (2), U.S. 
Navy (4), Royal Navy (1), Interavia drawings (11) ; 
pp. 1262-1264: French Air Force (1), German Air 
Force (2), manufacturers (7), Interavia files (1 

pp. 1281-1286 : Interavia ; pp. 1287-1288 : Interavia ; 
pp. 1294-1296: manufacturers; pp. 1207-1300: 
Text & Bilder, Stockholm (2), Northrop’ Inter 
national (1), General Electric Company (1), Boeing 
Scientific Research Laboratories (1), Interavia (6). 
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The Mind of Mr. Reader 


A VTOL Enthusiast 


Sir, 

STOL is a term invented by pseudo 
experts who cannot face up to the com- 
promises demanded by VTOL  flight—not 
even for the advantages it offers. By 
inventing the term STOL they have succee- 
ded in bleeding off money from VTOL 
developments. Jet flaps, boundary layer, and 
ducted fans are the magie elements of their 
wizardry. Basically an STOL airplane is a 
conventional airplane compromised to ope- 
rate out of shorter landing fields. It would 
behoove the STOL eggheads to quit treating 
their subject as something new. After all, the 
Bellanca and the Ford trimotor are still 
flying. 

To put the VTOL engineering house in 
order, start with “Propulsion Systems for 
VTOL Aireraft,” by Pratt, Smith, Slaiky 
and Silverman, of United Aireraft, [AS 
paper 60-41. It is a generalized validation 
of specific findings first presented (to my 
knowledge) by Hiller Aircraft as a result of 
an Office of Naval Research contract in 1953 
or 1954, and covers speeds from zero to high 
supersonic. There is no such concept as 
V STOL flight efficiency (Interavia, No. 5 
1960, p. 557). There is only mission efficiency. 
Analyze your mission, consult the above 
referenced paper, and find where you stand. 

For subsonie flight consider that there are 
six hundred commercial helicopters in use 
in the USA, mostly used for transportation 
from point A to point B despite terrible 
mission efficiency ; noise, vibration, and lack 
of instrument flight capability. They are in 
use because they can VTOL. With the advent 
of the turboprop engine, the future of the 
helicopter in the transportation field is 
headed into eclipse even as it reaches its 
vreatest efficiency and reliability. The turbo- 
prop has made possible a VTOL airplane 
having far greater efficiency, comfort, and 
utilization. From this point of view the 
Fairey Rotodyne is the most important 
thing that has happened to the helicopter 
since the latter’s invention. The Rotodyne is 
the first VTOL progress step away from the 
limitations of the helicopter in a transport 
role. 

Militarily, VTOL military machines suffer 
along with all other armaments in the face 
of the power of the nuclear bomb which can 
make every defensive and offensive con- 
sideration appear ridiculously futile. At 
least the VTOL tactical bomber fulfills the 
requirements for dispersion to prevent im- 
mediate annihilation at the outset of a war. 
Maintaining the logistics of such a dispersed 
organization, once the nuclear war has 
begun, is just as impossible as maintaining 


any other organization. VTOL interceptors 


are in competition, not with conventional or 
STOL interceptors, but with missiles. The 
speed of modern bombers makes a conven- 
tional fighter take off scramble hopeless. 
How much time is there to meet an attack? 
VTOL interceptors could be launched simul- 
taneously, ensuring the best chance of 
success. Applied te the Navy, this problem 
is so urgent it shrieks for attention. Just to 
free the aircraft carrier from all but the 
now very heavy and large attack planes by 
operating the VTOL interceptors off other 
ships would seem to justify Naval VTOL 
fighters. 

Finally, the basic VTOL problem was, 
and is, the pounds of thrust developed per 
pound of weight of propulsion system. As 
long as this is true, it is ridiculous to accept 
compromise in this critical area by imposing 
losses of thrust by turning, deflecting, 
sucking, blowing and all the rest of the 
claptrap, ducts to add weight and drag in 
forward flight. A military pilot can operate 
a tailsitter jet. The tilt-wing turboprop is 
the logical form of a subsonic VTOL trans- 
port. Probably the tilt-wing jet is the logical 
form for the supersonic VTOL transport 
if a supersonic transport can ever be con- 
sidered logical. Some believe the only 
eflicient supersonic transport is the boost- 
glide machine. It will be VTOL! 


Chadds Ford, Pa. W. P. Maiersperger 


Sun-Star Chronometer 


The description of the Ulysse Nardin 
Sun-Star Chronometer published in Jnter- 
avia No. 7/1960 should be rectified as 
follows. 

“Chronometer intended for air and sea 
navigation. Movement diameter 54 mm. 
Lever escapement '/;th of a second, mono- 
metallic balance, non-magnetic hairspring, 
30 jewels, 24 hour dial with fluorescent 
figures, black oxidized stainless steel case. 
High precision adjustment in 5 positions and 
at various temperatures. Separate setting of 
all hands. Balance-stopping device. 

“Completely new in its conception, the 
Sun-Star is the only existing chronometer 
that permits the calculation of time accord- 
ing to the stars with a far greater accuracy 
and speed than present methods. 

“The Sun-Star shows simultaneously : 

1) Mean solar time : civil time in 24 hours, 
minutes and seconds ; 
2) Sidereal time: expressed by the hour- 
angle of the vernal equinoctial point or of a 
star, in degrees, minutes and seconds of are. 
(GHA ).” 

Manufacture de Montres 

et Chronométres Ulysse Nardin S. A. 


Le Locle, Switzerland. 
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One of the greatest menaces 
in any future conflict 
between great nations will 
undoubtedly be the 
submarine. 

Its ability to stay submerged 
for extremely long periods, 
providing a base for the 
firing of missiles, from above 
or below the surface, makes 
it a most formidable weapon 
in a nation’s armoury. Two 
thirds of the world’s surface 
provides the element from 
which it can operate, every 
land-based and sea-going 
target is within the range 
of its weapons. 


WESTLAN 


answers tO the“submarine menace 


THE WESTLAND 


WESSEX 


Powered by the Napier 
N.G.A. Gazelle free shaft 
turbine engine, this 
helicopter is almost instantly 
operational from cold start. 
In operations against the 
submarine, it is specially 
equipped to carry out the 
combined functions of 
search and of kill in 

all weathers by day and by 
night, over a range of 


340 n. miles. 





THE WESTLAND 


P53! 


Produced to meet the need 
for a small turbine-powered 
helicopter possessing 
exceptional pay-load/ 
performance characteristics 
and with the ability to 
search or strike in its anti- 
submarine role. 

Powered by the Blackburn 
A129 free-turbine engine, 
the P531 helicopter can be 
operated against the 
submarines by day or night, 
from the deck of a naval 


frigate. 





THE WESTLAND 


WHIRLWIND 


Built originally for the 
Royal Navy, to whom large 
numbers have been 
supplied, the Whirlwind 
fully meets the requirement 
for an anti-submarine 
helicopter. Powered by 

the Alvis Leonides Major 
piston engine, it carries the 
search equipment or the 


strike weapons. 


D the great name in HELICOPTERS 


WESTLAND AIRCRAFT LIMITED YEOVIL ENGLAND 


incorporating Saunders-Roe Ltd. Fairy Aviation Ltd. and the Bristol Division 
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signaal automatic air traffic contro/ 


To keep up financially with technical advance in the aircraft industry - that 
is the problem our airline companies have to wrestle with. Modern jet- 
airliners cost up to £ 2.000.000 each! Every minute an aircraft has to 
circle an airport means more money; every missed connection, every flight 
at an unfavourable altitude means more money. And it all costs more, the 
more expensive aircraft becomes. 


SATCO 


Automatic Air Traffic Control System will help to reduce these costs. 


SATCO 


comprises the ground equipment to predict, coordinate, check and display 
the movements of air traffic en-route and in terminal areas. It provides an 
extremely rapid method of calculating flight paths, for assessing potential 
conflicts and for co-ordination between Area Control Centres. Special features 
are included for military/civil co-ordination and for the control of jet-powered 
traffic. The system has been ordered by the Netherlands Government, and 
the first phase is now on operational test. 


N.V. HOLLANDSE SIGNAALAPPARATEN HENGELO - NETHERLANDS 

















OFFICE FRANCAIS D’EXPORTATION DE MATERIEL AERONAUTIQUE 


& « * a = @ 


sells the products 
of the French aircraft industry to foreign customers 








4, RUE GALILEE PARIS XVI°_ TELEPHONE KLEBER 89-10 TELEGRAMMES EXAERO PARIS 
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Where great things 


are done with Microwaves 





RADAR: Fire Control - Navigation of Aircraft and Small Ships - Automatic Landing * Missile 
Guidance + Transponders « COMMUNICATIONS: Multichannel Radio Links for telemetering 
Data and Speech « VALVES: Klystrons and Magnetrons for 35/GCS and 75/GCS bands - Monitor 
Diodes for I/GCS to 35/GCS »*« INSTRUMENTS: Comprehensive Waveguide measuring circuits 
covering 6 to 75/GCS « RESEARCH: Outstanding Research and Development of the latest techniques. 


COMMUNICATIONS DIVISION - RADAR DIVISION - VALVE DIVISION 
MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT BROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTFORDSHIRE - ELSTREE 2040 
AIRPORT WORKS, ROCHESTER, KENT - CHATHAM 4/4400 





Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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Still faster ! 















FLYING TIMES : 


PARIS -DAKAR : S HOURS 30 MINS. 
PARIS - NIAMEY : S HOURS 35 MINS. 
PARIS - DOUALA >: 6 HOURS 30 MINS. 
PARIS - ROBERTSFIELD: 7 HOURS 10 MINS. 
PARIS - ABIDJAN >: 7 HOURS 20 MINS. 


PARIS - BRAZZAVILLE 8 HOURS 15 MINS. 





Tuesdays : Paris - Marseille - Douala - Brazzaville. 

Wednesdays: Paris - Marseille - Niamey - Abidjan. 
Thursdays: Paris - Marseille - Dakar. 
Saturdays : Paris - Douala - Brazzaville. 

Sundays : Paris - Dakar - Robertsfield - Abidjan. 






SSOEMMG LET 


SPEVE FEMS MIPS TAPE PET a8 








At Dakar, jet connections to South America : Rio de Janeito-Sao Paulo- Montevideo- Buenos Aires. 


On every flight, two classes to choose from : low-fare Tourist Class and luxurious First Class, featuring 
the sensational PROMENADE BAR aboard. 


For further details, see your Travel Agent or nearest Air France office : 119 Champs-Elysées, BAL. 70-50. 
2 rue Scribe, OPE. 41-00. 30 rue du Faubourg Poissonniére, TAI. 46-00. Esplanade des Invalides, 
INV. 96-20. Other offices at Lille, Strasbourg, Lyon, Nice, Marseille, Toulouse, Bordeaux and Nantes. 


AIR FRANCE 


CARAVELLE AND BOEING ~- PERFECTION IN JET TRAVEL ON THE WORLD’S LARGEST AIRLINE 
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Grumman Gulfstream 





Boeing 707 








meet the supporting cast for 


Take-off speeds between 248-320 
kph with up to 136,080 kilos of jet- 
liner are daily routine for new 
Goodyear fabric-reinforced tire. 
Noted for longer initial wear and 


Across world skies these days the new jet-powered air- 
liners are writing a proud chapter in aviation history. 


Supporting the magnificent performance, comfort and 


safety of these “heavenly bodies” is a group of Goodyear ES 
SS longer retread wear, this rugged 


roducts developed especially for their advanced require- : : ; 
P T ‘ P P 4 y ‘ q : tire was first developed by Goodyear for U.S. Air Force jet fighters. 
ments. hey include tires able to withstand scorching Fabric reinforcement in tread reduces excessive wear caused by 


high-speed take-offs and landings, powerful new brakes, high-speed take-offs and landings. Airlines around the world find 
and reliable skid-control devices. that this Goodyear tire delivers the extra margin of safety and 


‘ 7 , - dependability required by jetliners. 
While this Goodyear “supporting cast” may draw cheers . ‘ 


from few but professional airmen, it shares credit for 

the matchless reliability which makes the world look AVIATION PRODUCTS BY : 
up to these new jets. 

If you’d like more information on these Goodyear con- 

tributions to the Jet Age, write to Goodyear Interna- 

tional Corporation, Aviation Products Division, Akron 

16, Ohio, U.S.A. 
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Lockheed JetSitar 





Fairchitd F-27 





Vickers Viscount 


Douglas DC-8 





e skys newest stars! 


Ae Helping carry the load of many 

* jet-powered airliners in ground 
' operations are Goodyear wheels 
and brakes. Ready for the job were 
the Tri-Metallic Brake and Forged 
ie ~~ Aluminum Wheel—developed espe- 
cially by Goodyear to meet the high load-carrying requirements of 
the new jets without adding extra weight. Again in 1960, as in 
each of the past 20 years, more commercial airliners are equipped 
with Goodyear Wheels and Brakes than all other makes combined. 








Avoiding a skid is essential for a 
giant jet landing at over 160 kph. 
Goodyear’s Anti-Skid System helps 
: two ways: (1) Foot thumper sys- 
= tem taps pilot’s shoes when any 
— = wheel is about to skid. Pilot then 
cases up on 1 brake pedal. (2) Completely automatic system senses 
skid danger — releases brake pressure on about-to-skid wheel — 
applies pressure when danger has passed. Small and lightweight, 
systems can be combined as pilot-modulated system. 





More airmen land on 
Goodyear tires, wheels and brakes 
than on any other make 















DESIGN FOR 


RELIA 


A new generation of 


AIRADIO EQUIPMENT 


- Transistor Reliability | 





rs 


~ 







~ Component Reliability 


- Environmental Reliability 





MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX - ENGLAND 














AD 160 


V.H.F. communication system. 
V.H.F. Transmitter type 6400 
(short ¢ ATR. 14 /bs.). 


BILITY 





AD 260 

V.H.F. Navigation system. 
V.H.F. Receiver type 6401 
(short 4 ART. 8 /bs.). 


AD 360 





AD 260 


V.H.F. Navigation system. 
Navigation unit type 6402 
(short 4 ATR. 9 /bs.). 


Automatic Direction Finder 
ADF Receiver type 6407 
(short + ATR. 18 /bs.). 





AD 160 

V.H.F. communication system. 
V.H.F. Receiver type 6401 
(short 4 ATR. 8 /bs.). 





Ps 





AD 260 AD 260 

V.H.F. Navigation system. V.H F. Navigation system. 
Glide Slope Receiver type Marker Receiver type 6403 
6404 (short 4 ATR. 6 /bs.). (dwarf short + ATR. 3 /bs.). 





AD 308 


Radio Teleprinter Receiver. 
Receiver type 4486 
(short t ATR. 9 /bs.). 
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—_ATAR 9 TURBOJETS EQUIP THE MIRAGE IV 
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This coming spring, the Northrop T-38 Talon jet trainer will become fully 
operational with the U.S. Air Force Air Training Command. Before long, all 
U.S. Air Force pilots who learn to fly beyond Mach | will do so in T-38 Talons. 


NORTHROP 


Northrop International, a division of Northrop Corporation, Beverly Hills, California, U.S.A. 






































AND 


THRUST 
rrom UNE 


a] 


A single power source for VTOL and STOL aircraft. 
The new Bristol Siddeley BS 53 high-ratio turbofan is a 
major engineering breakthrough in the field of VTOL and 
STOL aircraft propulsion because it provides the airframe 
designer with a single power source for all conditions of flight. 


VTOL, STOL and normal take-off capability. The most 
revolutionary feature of this unique engine is that the 
thrust can be evenly applied around the centre of gravity 
through four movable nozzles which are directed downwards 
for lift, backwards for thrust, forwards for braking in flight, 
or in any intermediate direction. This makes possible, for 
the first time, the design of single or multi-engined aircraft in 
which the total installed thrust is available for vertical or 
short take-off with a normal payload or for conventional take- 
off with a large overload. 


High cold-fliow ratio, high thrust, low fuel consumption. 
The BS 53 is a high-thrust engine and the basic design 
concept which makes its versatile performance possible is a 
high cold-flow ratio. 
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A fan, located at the front of the engine, 

draws in a large mass of air, over half of which by- 

passes the main engine and is ejected in the form of a cool, 
relatively slow-moving stream through the two forward noz- 
zles. The remainder passes through the gas generator and 
supplies thrust to the two rear nozzles. This arrangement 
greatly improves the Froude efficiency and gives the BS 53 
a higher thrust/weight ratio, a lower specific fuel consumption 
and a lower noise level than any turbojet of comparable 
power in existence today. 


Conventional installation, operational simplicity. The 
BS 53 is installed normally, with forward-facing intakes 
and the majority of its components are based on well- 
known principles already proved in service. These factors 
make for operational simplicity, easier maintenance, greater 
reliability. 


Reduced problems of ground erosion and recirculation. 
Because the velocity and temperature of its jet effluxes are 
low, the BS 53 minimises the problems of ground erosion, 





















recirculation and ingestion of debris which are 
a major difficulty with fixed lifting engines. All 
ground running can be done with the exhaust discharging 
backwards like a conventional turbojet. Taxying also is per- 
fectly normal, and at take-off a short forward roll before 
the nozzles are deflected downwards ensures that all debris 
is left behind. As a result, the BS 53 does not require pre- 
pared sites and is independent of all fixed ground installa- 
tions. 


THE REVOLUTIONARY 


BS 53 


TURBOFAN 








Selected for the world’s first VTOL fighter. The Bristol 
Siddeley BS 53 has received the support of the Mutual 
Weapons Development Programme for NATO, and has 
already been selected for the world’s first fixed-wing air- 
craft designed for operational service with V/STOL capa- 
bility—the Hawker P 1127. Although this remarkable engine 
was primarily designed for this type of aircraft, it is equally 
suitable for any single or multi-engined, subsonic or super- 
sonic aircraft which requires VTOL or STOL capability. 


...-ANOTHER ENGINEERING ADVANCE 
BY BRISTOL SIDDELEY 





T - 





=F BRISTOL SIDDELEY ENGINES LIMITED 
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END : 





Whether it’s at one end, as in the quietly efficient Westland Wessex... whether 
it’s at both ends, as in the outstanding Bristol 192... whether it’s upright, hori- 
zontal or in any position in between, the Napier Gazelle free turbine engine will 
always satisfy the exacting demands of helicopter operation. Designed specifically 
for helicopter application, the Napier Gazelle, with its “ any angle ” installation, 
relieves the designer of many accepted limitations and gives him more opportunity 
to make proper use of fuselage space. The Napier Gazelle 1,650 s.h.p. free turbine 
was the first gas turbine engine in the world to receive Ministry of Supply 
150-hour Helicopter Type Approval. 


FREE TURBINE ENGINE 





NAPIER (77444955 





D. NAPIER & SON LIMITED, LONDON, W.3. A MEMBER OF THE ENGLISH ELECTRIC GROUP 
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PROBLEM ~~’ 


Rolls-Royce use Dunlop De-icing Systems 
exclusively for their “Dart” and “Tyne” engines 


AIRCRAFT FITTED WITH DUNLOP DE-ICING AND HEATER MAT EQUIPMENT INCLUDE 
ARGOSY - AVRO 748 . BREGUET ALIZE - BRITANNIA - CANADAIR C.L.44 - FRIENDSHIP 
GANNET . HERALD . SHACKLETON . VANGUARD . VISCOUNT AND VULCAN 


DUNLOP 


@ Dunlop Rubber Company Limited, Aviation Division, Coventry, England 
Depots and distributors throughout the world 
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AS A FULLY-INTEGRATED WEAPON ... 


Everything connected with the flying and the 
operating of the ENGLISH ELECTRIC Lightning was 
designed and developed as a co-ordinated system. 

. The airframe, the engines, the radar equipment, 
the electronic aids, the armament, the fire control 
devices—all were planned from the start to make 
the Lightning safe for its pilot, and deadly for its target. 


me LIGHTNING 


IS INCOMPARABLE 


ENGLISH ELECTRIC 


aircraft 





ENGLISH ELECTRIC AVIATION LIMITED © MARCONI HOUSE @ STRAND © LONDON WC2 
MEMBER COMPANY OF BRITISH AIRCRAFT CORPORATION 
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From the Ocean Deeps to Infinite Space 


This last summer has seen yet another sudden expansion in the 
range of weapon techniques. The USSR made the first successful 
recovery of a satellite carrying living creatures, while the United 
States accomplished the first successful launching of the Polaris from 
a submerged submarine. The world had already been prepared, first 
through science fiction and then by a series of spectacular achievements, 
for the progressive conquest of space. But while men had been gazing 
at the moon or Mars, they had been neglecting their own planet and 
its oceans. Lockheed’s achievement could be the beginning of a new 
lease of life for the seas, previously relegated to second place by the 
triumphant advance of aviation. But the aircraft, too, having barely 
arrived at the position of being the sole effective instrument of the 
United States’ deterrent policy, had in turn seen its supremacy 
challenged by Mr. Khrushchev’s missiles and their threat to its bases. 
And now, by one of those strange reversals which are characteristic of 
our age and should therefore come as no surprise to us, the Navy 
appears to provide the best solution to the problem raised by Soviet 
ICBMs. Once again, strategy and military thinking have been obliged 
to take a new turn, giving pride of place back to the sea—this time not 
to surface vessels, but to the submarine. Paradoxically, the very 
nuclear explosive which had previously condemned the battleship and 
the merchant convoy to impotence and seriously threatened the 
aircraft carrier, has refocussed attention on the oceans. Open to all, 
far from the world’s cities and untouched by modern civilization, 
what has been termed hydrospace turns out to be the medium best 
suited to shelter a reprisal force. 


The successful Polaris launchings also probably hastened the 
establishment of the new Targeting Agency which was set up by 
Defense Secretary Thomas S. Gates on August 17th. The Agency, 
composed of officers from all defence branches, is to be responsible for 
allocating the targets to be attacked in the event reprisals should 
become necessary. General Power, head of Strategic Air Command, 
is in charge of the Agency, which has its headquarters in Omaha, 
Nebraska. 


But, added to the existing arsenal of deterrent weapons alongside 
the B-52 and the Atlas, the Polaris will have other effects than just the 


establishment of the Targeting Agency. In its present form, and in the 
shape which it is to take in coming years, the Polaris submarine 
system could be the decisive weapon not only for the “Big Two,” but 
also for a number of smaller countries. If the world continues on its 
present course, each country or each group of countries must itself 
pursue an independent deterrent policy. And, moving as it does in the 
uninhabited ocean regions which are the property of all, the new 
weapon appears the best of strategic aids so far available and, no 
doubt, the best instrument of nuclear decentralization and deterrence 
on a national scale. 


If it is impossible to set up an armament control system and if the 
two ideologies continue to maintain their present positions of strength, 
it is by no means impossible that we shall see the “decentralization” of 
nuclear weapons; these will be entrusted to allied nations— under dual 
control so as to avoid irresponsible action—desirous of ensuring a 
defence which no other country could guarantee directly without 
running the risk of destruction. If such a policy became the general 
rule, the combination of submarine and ballistic missile would take on 
an added interest, for any country which had obtained from the USA 
an indirect guarantee of the kind described above could provide for 
its own defence by a method which would not expose it to being the 
victim of a preventive aggression. A few Polaris-carrying submarines 
cruising in distant seas would be more than enough to discourage any 
aggressive action. In this way acountry could maintain its independence, 
even if its reprisal forces were several thousand miles away from both 
itself and the aggressor. To destroy 11 Polaris-equipped submarines 
simultaneously would be no easy matter, and there would be the risk 
of a catastrophic reaction, for a salvo of 16 Polaris missiles represents 
an enormous potential of destruction. 


Just as the aerial weapon brought with it the discovery of the 
properties of the atmosphere, so the missile on its underwater launch- 
ing platform has given rise to a vast research programme to gain 
knowledge of the ocean deeps. In the USA, the Navy has begun its 
Ten Year Oceanographic Program (Tenoc), involving expenditure of 
$250 million. The Russians have embarked on a similar undertaking 

—reportedly of far greater financial magnitude—and within a few 


The George Washington, the U.S. Navy’s first Polaris-carrying nuclear-powered submarine. A. Engine room; B. missile room; C. missile control centre; D. navigation room; E. bridge; 
F. periscope room; G. control room; H. officers’ wardroom; J. forward torpedo room; K. crew’s mess; L. crew’s quarters; M. batteries; N. stores; O. gyro room; P. reactor room. 
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years the “Big Two” will have drawn up their inventories of oceano- 
graphic possibilities. It is not hard to imagine the vast market which 
science will in this way open to all fields of intellectual and technical 
endeavour. Politically, too, the sea will become as much a bone of 
contention as outer space now promises to be. 

This sudden extension of man’s range of activity will deal yet 
another blow to hidebound nationalism and lead countries to regroup 
in larger units. Now more than ever, it is clear that no nation of 
medium size can hope on its own to keep pace with the increasing 


accepting association and cooperating in developing the techniques 
from which it will benefit tomorrow, or it cuts itself off, exhausting 
its resources in the breakneck race which the “‘Big Two”’ are leading 
the world of science and technology, and ultimately finding itself 
forced to drop out of the running and fall an easy prey to aggression. 
This is the significance behind the return to earth of the two Soviet 
dogs and the conclusive results which the Po/aris has just furnished. 
Abruptly, the field of activity open to man has increased tenfold. Only 
in the framework of a true Atlantic community can such a vast 





demands of rapid technical progress. Either it unites with others, 


domain be explored. 


~-> 


The Royal Navy and the Aircraft Carrier 


By the end of this year the Ministry of 
Defence has to make a decision whether or 
not to order a new aircraft carrier for the 
Royal Navy. What are the pros and cons to 
be borne in mind when making this decision, 
which could extend the life of the Fleet Air 
Arm for another twenty years? Why not, for 
instance, allocate the £40 to 60 million needed 
to build a new carrier to the RAF for similar 
maritime air roles? 


British naval circles hold that the advent 
of the atomic bomb and the new highly 
mobile nature of “fire brigade” forces for 
limited war have in fact strengthened the 
position of the carrier in global strategy. 


Firstly, in the nuclear role, the carrier can 
travel 600 nautical miles per day with its 
complement of atomic-weapon-equipped low- 
level strike aircraft such as the Blackburn 
NA.39 Buccaneer. The carrier is not affected 
by political upheavals which may close land 
bases for air operations, and is much less 
susceptible to ballistic rocket attack than are 
land bases, which are pin-pointed before the 
commencement of hostilities. 


In any future major war which lasts more 
than a few days, one of the most critical 
points will be the maintenance of shipborne 
supplies, of which it is estimated 30 million 
tons per week would be required to sustain 
the United Kingdom alone. The deadly 
enemies of merchant shipping are 1) the 
submarine; 2) long-range air strike; and 
3) the high-speed well-armed surface raider 
such as the Sverdlov class cruiser. 


It is of interest here to note that the USSR 
does not have aircraft carriers. The reason is 
that her geography, naval experience and 
defence policies differ considerably from 
those of other countries. The majority of her 
coastline is unfriendly and ice-bound. She is 
a self-contained, self-supporting nation that 
does not have dependent countries separated 
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from her by sea, and she does not require to 
arm herself for policing duties far from her 
boundaries. But the USSR does have sea- 
going submarines in large numbers. 

The submarine has unlimited mobility 
particularly when nuclear-powered, and un- 
less some fantastic breakthrough is made in 
long-range underwater detection and in the 
associated weapons, shipping in convoy must 
rely upon anti-submarine defence from the 
shipborne helicopter carrying dipping Asdic 
(sonar) and homing torpedoes. 

The only defence against attacks on fleets 
or convoys by long-range bombers equipped 
with stand-off missiles is a combination of 
high-speed carrier-borne aircraft using air- 
to-air guided weapons and ship-to-air guided 
weapons—warning being provided by the 
carrier's radar and airborne early warning 
aircraft. 


To detect and destroy surface raiders in 
the vast areas of the oceans outside land- 
based bomber range, the only weapon 
available will be the naval strike aircraft 
armed with tactical atomic bombs. 

* 

In the limited war role, air support and 
supply of opposed seaborne landings where 
land-based aircraft are not available, will 
devolve upon the carrier equipped with 
fighter strike aircraft and the commando 
carrier with helicopters and Royal Marine 
assault groups. 

In both the seaborne landing and warship 
destruction tasks the associated electronic 
counter-measures and jamming must be 
employed from naval aircraft. 

* 

Several factors combine to make a modern 

fleet carrier an operational all-weather 


The light fleet carrier HMS Centaur (standard displacement 22,000 tons; full load displacement 27,000 tons) in the 
lagoon at Gan. On deck are Sea Hawks, Sea Venoms and Gannets; RAF Station Gan can be seen in the background. 
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fighting unit and not a “‘by guess and by 
God” exercise, as was the case even up to the 
middle of World War II. Essential require- 
ments for carrier aircraft operation are the 
steam catapult and an angled deck. The 
catapult can deal with any known naval 
aircraft type (the U.S. Navy has catapult- 
launched an aircraft at over 80,000 Ib weight). 
With it are associated the Projector landing 
sight (successor to the mirror landing device), 
and the angle of attack indicator/audio 
landing system. Bell Aircraft has developed 
a fully automatic carrier approach and 
landing system which enables the pilot to 
approach, flare out and touchdown hands-off. 
Such a system would be equally applicable 
to European medium-size carriers. 

When considering whether to build or buy 
new aircraft carriers, a country has to decide 
upon the weapons systems that it intends 
to employ. The weapons systems consist of 
firstly the bombs, rockets or missiles, and 


Projector, the Fleet Air Arm’s 
new optical landing aid... seen 
here installed at RAE Bedford 
for trials on dry land. 


“Praying mantis”... an early 
warning version of the Fairey 
Gannet (Bristol Siddeley Double 
Mamba), taxies along the deck 
of HMS Victorious, with wings 
folded. 


secondly the aircraft to carry them. The 
weapons systems in turn depend on the air- 
craft carriers’ role or mission. 

All carrier tasks can be carried out with 
guided weapons—some launched from the 
ship or ships, and others launched from 
aircraft. Missile armouries today contain 
air-to-air, air-to-ground, ground-to-ground, 
air-to-undersurface and ground-to-air guided 
weapons. These five main types are all 
complementary to one another, especially 
the ground-to-air and air-to-air ones. 

Unfortunately for the defence departments, 
these missiles have their problems. Their size, 
cost, complication and _ susceptibility to 
jamming cause a succession of headaches. To 
be carried by aircraft, the air-launched 
weapons are generally small and light, but 
even so they greatly affect the size and shape 
of their parent aircraft. The aircraft are in 
turn far larger and heavier than their prede- 
cessors. 


Ready for the take-off of a Vickers-Supermarine Scimitar single-seat strike aircraft (two R.-R. Avons) from the 
Ark Royal’s starboard catapult. Slots are fitted in the leading edge of the flaps for boundary layer control at 


low speeds. 
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Aboard HMS Victorious (standard displacement 30,000 tons; 
full load displacement 37,000 tons): landing of a D.H. Sea 
Vixen all-weather two-seat fighter (two R.-R. Avons; up to 
four D.H. Firestreak air-to-air missiles). 


A Sea Vixen with wings folded disappears into the roomy 
hangar deck of the carrier Viciforious. 
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Having decided upon the weapons and 
aircraft, plans can be made for the ship to 
carry them, and an idea can be obtained of 
the size and cost of such a ship. Some years 
ago there was a useful rough rule of thumb to 
indicate the cost of a carrier. It went some- 
thing like this: 

For an aircraft basic (empty) weight of 
15,000 Ib (average at the time), multiply the 
number of aircraft by 1,000 to get ship’s 
displacement, and multiply the ship’s dis- 
placement by 1,000 to get the cost in pounds 
sterling. 

Thus for a sixty-aircraft carrier the dis- 
placement would be 60,000 tons and the cost 
£60,000,000. 


































The frigate HMS Undaunted (standard displacement 
2,100 tons) fitted with a landing deck for helicopters: 
landing (and lashing down) of a Westland Wasp (ex- 
P.531) in heavy seas. 


Nowadays there is no such thing as a rule 
of thumb costing. Even by adding another 
year to the building time many millions can 
be added to the price. Continual modification 
of requirements, as occurred with HMS 
Victorious, cannot be accepted, or two to 
three years will be added to the time-scale. 

Accepting from the foregoing that carriers 
are essential to balanced forces and will 
remain so as far as the crystal ball will show, 
will there be a radical change in shape or 
construction? It is obvious that no western 
nation other than the USAcan afford or man the 
Enterprise class atomic-powered carriers (cost 
of Enterprise is estimated at well over $400 
million). 

Ideally, a new carrier and the operation of 
the present generation of carriers (Victorious, 
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Formerly a light fleet carrier, HMS Bulwark has been converted into a helicopter carrier (or commando carrier): standard 


displacement 22,000 tons; full load displacement 27,000 tons. Picture shows two Westland Whirlwinds picking up external 


loads stowed in nets. 


Hermes, Ark Royal, etc.) will mean planning 
on conventional type aircraft through to 
about 1975. The NA.39 will remain in service 
for a long period and will undergo steady 
development in speed and range, and 
possibly in the ECM role. Beyond this a new 
and more sophisticated strike aircraft in the 
50,000-Ilb weight class will be needed by the 
end of the 1960s. The greatest problem for 
the Admiralty will lie in the interceptor 
field. At present, ship-to-air guided weapons 
such as Seaslug and Seacat will cope with the 
close-in threat, but the maritime bomber 
carrying stand-off weapons must be dealt 
with by an interceptor having high speed 
and exceptional rate of climb. Interceptor 
development has consistently lagged in the 
Fleet Air Arm since the war, and a golden 
opportunity was inexplicably missed with 
the rejection of the Saunders-Roe SR.177 jet- 
plus-rocket aircraft, which would have been 
capable of reaching nearly 80,000 ft in under 
three minutes. 

An order for a 60,000-ton carrier would 
allow for negotiation with the United States 
for the purchase or licence production of a 


sophisticated Mach 2 weapons system such 
as the McDonnell F4H or its successor. 


By 1975 the situation will undergo a radical 
change with the advent of heavy-weight- 
lifting VTO aircraft. In place of the large 
carrier, there will almost certainly be a number 
of small ships of about 5,000 tons displace- 
ment, carrying six or more VTO weapons 
system aircraft, or a large number of small 
VTO anti-submarine vehicles. 


Complete dispersal will be possible, and 
the cost of these carriers will be a fraction of 
that of present ships. The angled deck and 
associated equipment will disappear, and the 
whole concept may lead to the adoption of 
carriers by nations which at present have no 
shipborne Fleet Air Arm. 


The date of introduction of VTO carriers 
will be governed entirely by the rate of 
progress on VTO aircraft and engines, such 
as the present P.1127 and SC.1, with BS.53 
and Rolls-Royce battery engines respectively. 
The Admiralty will therefore need to partici- 
pate to the maximum in VTO work in the 
United Kingdom during the next ten years. 


oe 


HMS Ark Royal, Britain’s largest aircraft carrier today (standard displacement 43,340 tons; full load displacement 
53,500 tons), on parade. The aircraft lined up are Scimitar single-seat naval strike fighters. 
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Tw new generation of transonic and supersonic aircraft intended for use 
from the confines of a carrier deck involve problems of aerodynamic wing 
design that have not previously been encountered. The conflicting require- 
ments of the two ends of the speed range, demanding thin aerofoil sections 
(low thickness/chord ratio) on the one hand and high camber on the other, 
can no longer be met with normal flap systems, however complex they may 
be. 

With a normal flap system on a thin wing, ultimate separation of the 
boundary layer and flow breakaway at the larger deflections are inevitable, 
even on a flap of the double-slotted variety. Thus the potential high lift 
coefficient and consequent lower flying speeds associated with the larger 
flap angles cannot be attained. Separation occurs because the boundary 
layer has lost much of its energy as a result of friction; this energy loss be- 
comes more severe as the angular deflection of the air flow is increased. The 
only way to restore the situation is to replace the energy, either by blowing 
high-energy air along the surface, or by sucking away the low-energy air. 

In the case of the blown flap, a high-pressure subsidiary air flow is passed 
over the top surface of the flap from a slot near its leading edge. In this way, 
at high angles of attack and large flap deflections, separation of the air flow 
is prevented, and the flap’s full potential as a high lift device is restored. 

The air supply is provided by tapping high pressure air from the engine 
compressors and ducting it to the trailing edge of the wing. A “‘cross feed”’ 
system is incorporated so that there is no chance of the blowing occurring 
on one side only and to cater for the single-engine approach (in multi- 
engine aircraft). 

In addition to the problems of increasing the available lift from a given 
wing, undesirable characteristics, many of which are associated with swept 
wings, manifest themselves at the high wing incidences used. Such pheno- 
mena as prestall instability, rapid increase in induced drag, loss of lateral 


Preparing for a catapult take-off from HMS Victorious (January 1960). 
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control, excessive aileron drag, buffet and so on produce control problems 
which occur before, and entirely independently of, the true wing stall itself. 


Deck handling 

A good nosewheel steering system for all deck manoeuvring by jet aircraft 
is essential. This enables general manoeuvres to be executed without the 
use of excessive thrust with its associated penalties of jet blast effect upon 
other aircraft and deck handling party. In addition, the degree of sensitivity 
of directional control necessary for accurate alignment on the catapult can 
be most easily achieved by the use of such a device. 

Because of the size and weight of modern naval aircraft, manhandling of 
aircraft is virtually impossible without the uneconomical use of excessive 
manpower, and thus the power-driven ‘‘ mechanical handler’’ has come into 
its own in recent years, normally operating on the aircraft wheels. 

Two other problems manifest themselves on modern aircraft, both 
associated with hydraulic power requirements in the “engine off” state: 
Firstly, hydraulic brake pressure reservoirs adequate for flight conditions 
can barely provide for the number of brake pedal applications needed during 
deck manhandling and are inclined to run out at the most embarrassing 








The Blackburn NA.39 Buccaneer always takes off with nosewheel raised: 1. steam cata- 
pult strop; 2. tail skid; 3. hold-back strop. 


The NA.39 has left the carrier deck. Note the centring rollers for accurate alignment 
of the aircraft on the catapult. 
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moments, i.e., right on the deck edge. Secondly, it often becomes necessary 
to fold the wings without engine power during deck parking. Both of these 
problems demand the provision of a “plug in” source of hydraulic power. 
This is perfectly feasible provided adequate measures are taken to maintain 
hydraulic cleanliness. 


The catapult launch 


Generally speaking, the actual launch presents no significant problem to 
a pilot, who at “le moment critique” is merely a small unit in a vast closed 
circuit of energy application over which he has no further control after 
having nodded assent to the deck control officer. The sensations of the 
average longitudinal 3g application from the steam catapult are pleasurable 
compared with the fiendish kick in the back from its predecessor, the 
hydraulic variety. 

The problems the pilot encounters in this exercise arise to some extent 
just before the launch but above all immediately after it. Before, he has the 
task of aligning the aircraft to within small limits of accuracy upon the 
catapult. This problem is considerably eased by the self-centring main-wheel 
alignment rollers (driven by the ship’s power). As most modern aircraft 
are launched nosewheel in the air, no positioning is required in this respect. 

Once the aircraft has been rotated onto its tailskid and tensioned forward 
by the catapult shuttle via the catapult strop, the pilot, now poised all alone 
som? fifteen feet up in the air, merely has to set his complicated take-off 
configuration, run the engines to maximum thrust and indicate he is ready 
to go. 

At this point in time his security of tenure is entirely dependent upon one 
of two small metal rings clamping the jaws of the hold-back strop onto the 
hold-back itself. 

After the launch, provided no mzchanica! breakages have occurred during 
this period and the correct ‘‘end speed”’ has been attained, the pilot’s task is 
to achieve the optimum rate of acceleration to a safe flying speed and retract 
the wheels and flaps. In aircraft of large thrust/weight ratios, notably fighters, 
this represents no difficulty, the only problem being one of retraction before 
exceeding a limiting speed. 

In aircraft of relatively low thrust/weight ratio, notably of the strike or 
bomber role, marginal flight conditions may exist for a short period sub- 
sequent to launch, and the correct flight path monitoring is critical. Knowl- 
edge of aircraft wing incidence is essential, since the correct value must be 
maintained in order to achieve optimum acceleration; the best value may be 
as low as | foot/second?. 

The chief difficulty arises from the high induced drag of the many lift 
augmentation devices extended, coupled with the fact that the launching 
speed will be well below the minimum drag speed in this configuration. In 
other words, the aircraft finds itself way up the “steep backend of its own 
drag curve,” and has to climb its way painfully round to the right side. 

The difficulty can be reduced if the retraction rate of the undercarriage 
is as rapid as possible and that of the lift augmz2ntation devices—flaps, 
aileron droop, blow etc.—is chosen to give an optimum exchange rate be- 
tween drag reduction and loss of lift bencfit. 


Aircraft carrier HMS Victorious: standard displacement 30,000 tons; full load displacement 37,000 tons; speed 30 knots; two steam catapults; two deck lifts; angled deck. 





Perfect approach for a landing on the Victorious angled deck... with simultaneous con- 
trol of alignment, speed, incidence and angle of descent. 


The deck landing 

Presuming the pilot has found his way round onto the final approach to 
the ship’s deck—pitching, heaving and corkscrewing as is its wont—he now 
has a problem which requires the most careful coordination of his mental 
powers to guarantee success. 


During the approach the pilot must concentrate on three basic points, 
and if excessive attention has to be given to any one of these or if further 
distraction is added, then general concentration and the quality of corrective 
action for any error in the other factors suffers. The possible number of 
corrective actions in any given time is limited by pilot experience,the normal 
human physiological limit of mental/muscular coordination and the clarity 
with which departure from an optimum condition can be observed by any 
of the senses employed. 


The three basic points to which pilot attention has to be directed to the 
exclusion of all else to attain a perfect deck landing are as follows. 


1. Displacement in azimuth from the projection of the ship’s angled deck line. 
Displacement from and rate of approach to (or away from) this line must be 
constantly assessed, and directional changes made to regain the optimum 
position. The necessary action is referred to as the “sidestep manoeuvre.” 
The reference is purely “‘ship’s aspect,” becoming more specifically ‘‘ship’s 
centre line’ at close ranges. The manoeuvre consists of integrated move- 
ments of the aileron (and/or spoiler), rudder and tailplane, in this order, at 
a rate necessary to achieve the desired result. The action required is never 
constant, owing to wind gradient effect, and becomes aggravating if the ship 
does not steer to within 10° of the relative wind. Good lateral control is 
all-important for this manoeuvre— or more specifically turning ability. 
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Caught by one of the arrester cables. In the foreground is a second NA.39 with air 
brakes open; far right, the landing mirror to check angle of descent. 


2. Speed (and/or incidence): A constant assessment of displacement from 
and rate of approach to (or away from) the datum speed (determined by 
knowledge of the aircraft weight) is required. The reference is primarily 
visual with the twin-pointer A.S.I., but assistance from aural reference to 
specialized incidence indicators can assume valuable and sometimes 
overriding importance. Control is primarily by engine throttle, integrated 
as one combined movement with tailplane deflection to prevent adverse 
height change. 

3. Vertical displacements from optimum approach path: These are recognized 
visually by observing the image of a source light in the ship’s mirror in 
relation to a row of datum lights. The datum lights are not essential once 
the mirror dimensions can be seen, but are a good reference value at extreme 
ranges. Control is similar to that of speed, movement of the tailplane being 
the “‘master”’ height control, integrated with simultaneous throttle movement 
to prevent speed change. The steeper the approach path the easier these 
problems become, as any angular error has a smaller linear ‘“‘spread”’ on the 
deck itself. A further point is that also the “‘ship’s aspect” presents a larger 
view to the pilot, and ship’s pitch effects are less disturbing. 


The ship 

Despite constant improvements in steam catapult, arrester gear and 
mirror deck landing aids, the ship still remains a very severe limiting factor 
on the aircraft’s design, as compared with shore-based aircraft. 
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Current larger high-performance naval aircraft are operating from ships 
with a very low margin of safety and make great demands upon the pilot 
for flight path accuracy in often very adverse conditions. Now that the per- 
formance envelope of the aircraft is steadily expanding, the eternal aircraft 
compromise between stability and control characteristics means that the 
standards of both during an approach to land are very often lower than 
desirable. Not that there is any objection to making the pilot work for his 
extra monetary allowance, but with the present astronomical aircraft costs 
it has become more than ever necessary to improve landing safety standards. 

Here much can be done by improving ship design. Better centre line 
information is desirable, disturbing “‘back end’ airflow characteristics can 
be eliminated by more intelligent use of aerodynamics, ship’s courseholding 
in all sea conditions can be improved by the use of autostabilizers. 

The basic landing platform dimensions of the smaller aircraft carriers 
are considered close to the minimum limit for safe regular operation of large 
aircraft in all weather conditions, with the present lack of more sophisticated 
landing aids. The development of a reliable and accurate automatic landing 
device is therefore the next obvious step. + 


4 


With wings and nose folded, and air brakes open, an NA.39 is lowered on the forward 
lift into the Victorious hangar deck. 





First British Guided Missile Destroyer Nears Completion 


HMS Devonshire, a versatile new destroyer 
(fleet escort vessel) of the County class, was 
launched on June 10th, 1960 and will be com- 
missioned in 1962. Three sister ships are on 
the stocks (Kent, Hampshire, London). Each 
has a standard displacement of more than 
5,000 tons and will have a full load displace- 
ment of roughly 6,500 tons; design speed 
32.5 knots; armament, one Seas/ug launcher, 
One Seacat launcher and four 4.5-inch guns 
in twin mountings. Key: 1. Seaslug launcher; 
2. Chief Petty Officer’s mess; 3. anti-submarine 
helicopter; 4. crew’s dining hall; 5. missile- 
guidance radar; 6. missile stowage; 7. Seacat 
launcher (for close-range anti-aircraft de- 
fence); 8. homing anti-submarine torpedo 
tubes; 9. inflatable life rafts; 10. enclosed 
bridge; 11. two 4.5-inch twin-gun mountings; 
12. gas turbine room (for power reserves); 
13. gearing room; 14. boiler room; 15. steam 
urbine room; 16. fuel tanks. 
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An airborne arsenal: A new bomb rack adaptor developed by Douglas 
enables the Douglas A4D Skyhawk, which has been in service with the 
U.S. Navy for some years, to carry six times as many bombs as hitherto. 
The aircraft’s all-up weight is 6'4 to 7 tons. 


The Navy Aloft 


Carrier-borne Naval Aircraft 


One of the U.S. Navy’s newest and fastest fighters, the Chance Vought 
F8U-2 Crusader II, approaching the deck of its carrier with raised 
wings and drooped flaps and leading edge. The Crusader II can reach 
speeds of around Mach 2. 


The Douglas A3D Skywarrior, powered by two Pratt & Whitney J-57 jet engines, 
has become the U.S. Navy’s standard multi-purpose aircraft. With an all-up weight 
of 32 to 34 tons, it serves as bomber, photographic reconnaissance aircraft and 
ECM aircraft and is also being built in a trainer version. 
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Like the bulging eye of some giant insect, the radar dome of the Grumman WF-2 
Tracer AEW and anti-submarine reconnaissance aircraft looks out over the sea. The 
radar equipment is by Hazeltine Electronics Corp., Little Neck, N.Y. 


With arrester hook extended, the Vickers-Supermarine N. 113 Scimitar fighter and low- 
level strike aircraft, of Britain’s Fleet Air Arm, prepares for a deck landing. The Scimi- 
tar, which is powered by two Avon engines, has been in production for the Royal Navy 


since spring, 1957. 


With the Seventh Fleet in the ever-turbulent Pacific. This McDonnell 
F3H-2 Demon interceptor, shown on the deck of the U.S. carrier Midway, 
can carry four Raytheon Sparrow III air-to-air guided missiles. The flight 
refuelling probe projects from the bulge on the right of the upper fuselage. 








THE REPUBLIC 
FesOn THUNDERCHIEF 


An aircraft of remarkable potentiality. 


Day or night, in any weather, at high or low altitude ; 
...and at speeds of Mach 2... . this one-man, highly 
automated fighter-bomber can accomplish, with unsur- 
passed accuracy, the missions usually assigned to three 
different aircraft. 


Small wonder that the Republic F-105 Thunderchief is 
called ‘the world's most powerful one-man airplane” 
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FARMINGDALE, NEW YORK, U.S.A. 
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ICONORAMA DISPLAY SYSTEMS 


Fenske, Fedrick & Miller, Inc. will provide an ICONORAMA System for the BMEWS Program under 
subcontract to RCA, prime contractor for this missile detection system. ICONORAMA is a plotting 
and display system that records the movement of multiple objects and projects the paths of the 
objects on a display area. ICONORAMA is the first system that can graphically record in multi- 
plicity, variable information for projection viewing, creating both two dimensional and three 
dimensional systems. Thus, ICONORAMA contributes to BMEWS, the first electronic system 
designed to give early warning against ICBMs. &@ ICONORAMA Systems are in use at major 
missile testing sites, including White Sands Proving Ground, Pacific Missile Range and Cape 
Canaveral. Other ICONORAMA Systems are also being installed at both the Headquarters of North 
American Air Defense Command (NORAD) and Strategic Air Command (SAC). 


FENSKE, FEDRICK & MILLER, INC. + 12820 Panama Street » Los Angeles, California 


a subsidiary of TEMCO ELECTRONICS & MISSILES COMPANY, Dallas, Texas - A Member of LING-TEMCO ELECTRONICS, INC. 


international Requirements handled by TEMCO EXPORT CORPORATION 
Suite 424 Universal Building + 1825 Connecticut Avenue + Washington 9, D.C. 





The de Havilland (DH 110) Sea Vixen, fitted with de 
Havilland Firestreak infra-red guided weapons, is a 
transonic all-weather day and night fighter of very high 
performance for carrier-based and shore-based operations. 
By virtue of its ability to carry a heavy load over a wide 
radius of action, the Sea Vixen is ideally suited for the 
strike-reconnaissance role. 















































American 
Naval Trio 


i protagonists of naval aviation, invariably 
naval airmen themselves, are always ready to 
explain the capabilities of a carrier-borne force. 
Reconnaissance, shipping strikes, convoy pro- 
tection, anti-submarine warfare, and the support 
of an expeditionary force are all described as 
duties which fall within the scope of the naval 
aircraft. Added to these operations is the strategic 
value of being able to bring a striking force into 
action rapidly in any part of the world. This last 
factor is particularly emphasized when discussing 
the necessity for rapid reaction and mobility in 
dealing with “brush fire’ wars to prevent, them 
developing into a more general conflict. 

Being realists, the same protagonists will admit 
that in the past the capabilities of a naval force 
have often been diminished by the inferior per- 
formance of naval aircraft when confronted by a 
land-based defence. While the tactical advan- 
tages of surprise and the possibility of a local 
superiority in numbers may lie with the naval 
force, they cannot be guaranteed in every action, 
and they also disappear as the enemy reacts to the 
attack. 

This inferiority in performance has arisen from 
the difficulties facing the naval aircraft designer. 
Invariably he has been faced with making a com- 
promise between the performance required for 
carrier operations and the operational role of the 
projected aircraft. There have been instances 
where this compromise has been successfully 
achieved by the conversion of a proven land- 
based type, by means of a strengthened under- 
carriage, folding wings and the addition of an 
arrester hook. For the most part, however, these 
conversions have related to fighter aircraft. The 
heavier and more vulnerable attack aircraft, 
which form the vital long-range artillery for the 
fleet, have been the most operationally handi- 
capped. 

Three factors, all of fairly recent development, 
have done much to enable the designer to 
redress the balance of power between the land- 
based and the carrier-borne aircraft. These three 
factors are the availability of adequate engine 
power, boundary layer control systems, and the 
steam catapult. 

It is now no longer necessary to adjust the 
aerodynamics of the aircraft to enable it to make 
a deck take-off. The rapid and progressive acceler- 
ation of the steam catapult replaces the long and 
often hazardous run over a pitching deck; 
boundary layer control ensures a reasonably low 
approach and landing speed for recovery; and 
the increased engine power ensures the oper- 
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ational performance of the aircraft in comparison 
to the land-based counterpart. 

Freed from the limitations which were imposed 
by the primary requirements for deck take-off 
and landing performance, the designer can now 
approach the problem from the standpoint of the 
operational role which the aircraft is intended to 
fulfil. An examination of the characteristics of 
three new American naval aircraft, at present 
undergoing evaluation prior to their entry into 
fleet service, illustrates this point. The three air- 
craft: the North American A3J Vigilante, the 
Grumman A2F-1 Intruder, and the McDonnell 
F4H Phantom II, all represent the designer’s 
response to a particular naval operational require- 
ment, without compromise between the two 
worlds of land-based and carrier aircraft. 





@ The A3J Vigilante 


Described by the constructor as an all-weather, 
carrier-based attack weapons system, capable of 
delivering either nuclear or non-nuclear weapons 
at either high or low altitudes at supersonic speeds, 
the Vigilante is destined to equip the Heavy Attack 
Wings embarked on the Forrestal and Enterprise 
class carriers. The aircraft is powered by two 
General Electric J79 jet engines each developing 
15,000 pounds of thrust and giving it a speed in 
the Mach 2 range. Variable intake ducts maintain 
the optimum airflow and pressure to the engines 
throughout the speed range. 

The airframe is designed to accommodate a 
crew of two in tandem cockpits. Overall length is 
approximately 70 feet, while the span of the high- 
mounted wing is 50 feet. For carrier stowage, 
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The Vigilante prepares to take off. 


provision is made to fold the wing, vertical tail 
and radome. The thin, tapered swept wing has 
a leading edge sweepback of 37.5 degrees and is 
fitted with a system of spoiler/deflectors in place 
of the conventional ailerons. To facilitate control 
at low airspeeds, leading edge flaps are fitted, 
together with a boundary layer control system to 
improve the airflow over the trailing edge flaps. 
High-pressure air from the engines is fed through 
a continuous slot along the upper leading edge 
of each flap, the flow commencing when the flaps 
are extended 7 degrees and increasing to maxi- 
mum at 50 degrees of flap deflection. 


The rudder and horizontal tail surfaces are of the 
all-movable type and hydraulically operated. The 
two sections of the horizontal surface can be 
differentially adjusted to provide trim adjustment 
around the roll axis. Pitch and yaw trim are 
conventional. 

Electrically controlled hydraulic servo actuators 
position the spoiler/deflector and horizontal tail 
surface actuators as a function of the pilot’s con- 
trol column movement. The rudder system has a 
conventional mechanical linkage between the 
pedals and the rudder actuator. Signals derived 
from the electronic flight data unit are fed to the 
yaw damping and longitudinal stability augmen- 
tation system to control the surface actuators. 
This control is independent of the pilot, and the 
cockpit controls do not move. 

As the Vigilante has been designed as a heavy 
attack aircraft, with the range to carry the fleet’s 
striking power over a wide operational radius, its 
navigation and target acquisition equipment is of 
the first importance. Starting with the automatic 
flight control system (AFCS) which was developed 
by North American, this equipment provides 
such auto flight functions as heading, pitch and 
1234 
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altitude control together with angle of bank hold 
and Mach hold. For bombing, the system also 
directs the LABS pull up and roll out. Steering 
signals derived from the radar are used to provide 
heading information when using the system in the 
autonavigation mode. 

As is to be expected with an aircraft which is 
still undergoing evaluation trials, detailed in- 
formation on the electronic systems is scanty. It 
is understood, however, that the aircraft incor- 
porates one of the first combined inertial and 
doppler navigation systems. 

The radar and navigation equipment, including 
the AFCS, has been designed to enable the air- 
craft to carry out its mission from either low or 
high altitude, thereby enabling the crew to obtain 
the maximum advantage from the tactical situa- 
tion. In this connection one design detail is of 
interest. The bomb bay is situated internally 
within the fuselage and lies between the two 
engines. Two rails run longitudinally through the 


The Phantom Il 


1. Radome and radar antenna 
2. Radar equipment 


3. Martin-Baker ground level 4 


ejection seats 

4. Full span leading edge flaps 

. Boundary layer control lead- 

ing and trailing edges 

6. Fuselage fuel tanks 

7. Fuel vent 

8. Tail parachute 

9. All-movable stabilizer 

10. Two J79 engines 

11. Trailing edge flap 

12. Spoiler 

13. Aileron 

14. Outer wing panels fold up- 
ward for carrier stowage 

15. Integral wing fuel tank 

16. Wing mounted missiles 4 
(Sidewinder) 

17. Variable geometry air inlet 

18. Fuselage mounted Sparrow 
Ill missiles 18 
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bay, and the bomb is carried on rollers which run 
on these rails. On release either manually by pilot 
control or automatically by the bombing and 
navigation system, a cartridge-operated ejection 
device discharges the bomb through the aft end 
of the fuselage, ensuring both positive separation 
from the aircraft and also the minimum aero- 
dynamic drag. 

Apart from this internal stowage, the Vigilante 
can mount external loads beneath the wings 
according to tactical requirements, or in relation 
to the type of target. Later models of the aircraft 
will also be able to carry external wing tanks to 
extend their range. 

It is anticipated that the first Vigilante will enter 
fleet service at the end of 1960 or early in 1961. 
When it does so, American naval aviation will be 
in possession of an integrated weapons system 
capable of high altitude performance and speeds 
in excess of Mach 2. That is not the least of its 
advantages, for because of its versatility in 
operation it presents more than one threat to a 
potential enemy. Countermeasures against the 
Vigilante pose a considerable problem, as it can 
always exploit the approach where the defence is 
weakest. For the first time the balance of power 
is swinging in favour of the naval aircraft. 


@ The Grumman A2F-1 Intruder 

In contrast to the all-altitude performance of 
the Vigilante, the Grumman Intruder has been 
specifically designed for the low attack role. The 
original operational requirement put forward by 
the U.S. Navy called for an aircraft having long 
range and all-weather attack performance for 
maximum effectiveness in aerial support missions. 
This stemmed from experience gained in the 
Korean war, where many sorties were rendered 
abortive owing to weather and the cover of dark- 
ness. The requirement refers first to the employ- 
ment of the /ntruder in a limited or “brush fire” 
war where pinpoint accuracy is necessary in the 
support of ground forces. As a second operational 
requirement, the Navy wanted at the same time 
a long-range, low-altitude attack aircraft capable 
of delivering a nuclear weapon in a general or 
retaliatory war. 

A design competition, in which eight com- 
panies submitted eleven types of aircraft, was 
held in 1957. The Navy finally selected the 
Grumman design, and in 1959 a contract was 
awarded for the production of an initial eight 
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A design detail of the Vigilante. The discharge port of the 
linear bomb bay. 


aircraft. Four of these will be delivered this year, 
with the remainder in 1961. 

The /ntruder is a twin-engine, two-seat (side 
by side) aircraft with a moderately swept mid- 
wing, having a span of 53 feet. Overall length is 
53 ft 5 in. and the weight in the region of 55,000 
pounds. The engines are Pratt & Whitney 
J52-P-6, each giving 8,500 pounds thrust. A 
particularly interesting feature of the powerplant 
is the system of tilting tailpipes to improve jet lift. 
A short section at the end of each tailpipe can be 
hinged down about 30 degrees by means of 
hydraulic actuators. This both improves the take- 
off characteristics from carrier decks and im- 
proves the initial climb. This is the first opera- 
tional aircraft to employ this jet lift principle. 

To augment the low-speed characteristics of 
the aircraft, full-span leading and trailing edge 
flaps are fitted. Aileron control is by inset spoiler 
deflectors mounted ahead of the trailing edge 
flaps. The rudder and tail fin are conventional, 
while the horizontal stabilizer is of the solid all- 
moving type. 

For the carriage of weapons or fuel tanks, five 
points are provided. The underside of the fuselage 
is recessed to accommodate either a weapon or a 
ventral tank, while four underwing pylons are 
fitted for the carriage of armament or extra fuel 
if long-range operations are required. 

To enable the pilot to detect and attack a target 
in all weather conditions, the /ntruder is equipped 
with a radar system which displays the ground 
and air in front of and below the aircraft. Two 
viewing screens in the cockpit, described by the 
manufacturer as an “integrated display system,” 
enable the pilot to pinpoint the target and deliver 
the attack. A further aid to all-weather capability 
is the DIANE, a Digital Integrated Attack Navi- 
gation system. Acting on information provided 
by the display system, the pilot can pre-select an 
automatic course of action for the aircraft, which 
would then approach the target, discharge the 
weapon, and then leave the target area. Should 
the tactical situation require it, a change of plan 
can easily be effected by the pilot. 

Born of operational experience gained in a 
localized conflict, the Intruder represents a high 
subsonic speed (Mach 0.9) close support bomber, 
capable of detecting and attacking small targets 
in all weathers. Operating at the altitudes where 
defensive radar is least effective, and capable of 
action over long ranges, it combines with its 
armament the advantage of surprise. In this case 


the designer has done more than equate the 
performances of land based and naval aircraft. 
He has posed a new tactical problem. 


@ The McDonnell F4H Phantom Il 

Turning from naval attack aircraft to naval 
defence, the most recent U.S. Navy fighter is the 
F4H Phantom II. Here the design represents the 
answer to the requirement for high speed and 
high-altitude performance allied to range. As it 
is no longer possible to defend a naval force with 
fighters patrolling in close proximity, interceptions 
must be made at a considerable distance from the 
fleet. The Phantom II therefore is designed as a 
two seat aircraft with accommodation for a radar 
operator to assist the pilot both in navigation 
and in target acquisition. 

The aircraft is powered by two General Electric 
J79 engines with a combined total thrust of over 
30,000 pounds. Speed is in the Mach 2+ range, 
and in the course of evaluation trials the aircraft 
established a World altitude record of 98,560 feet, 
since superseded by the F-104. 
















































Naval aviation 





which they adopt their guided trajectory under 
their own power. 

The nose of the aircraft forms the radome 
covering the antenna of the target search and 
acquisition radar. Beneath this radome is a small 
bulge housing the infra-red search equipment for 
use with heat-seeking missiles. 

Apart from its primary role as an interceptor 
aircraft capable of destroying both subsonic 
and supersonic targets in all weathers, the Phan- 
tom II can carry a variety of wing mounted 
armament. During its evaluation trials a con- 
siderable amount of flying has been carried out 
in loft and toss bombing. When the aircraft enters 
fleet service it will therefore be capable of under- 
taking a dual role as interceptor and also as a 
high-speed ground attack aircraft. 

ba 

This short review of the qualities of three new 
naval aircraft serves to illustrate the new-found 
equality between land-based and carrier types. It 
merely remains to add a few details concerning 
their procurement. 













































Details of the full-span leading and trailing edge flaps on the /ntruder can be seen in this illustration. The long nose 
probe is not standard and has been fitted for test instrumentation. 


In configuration, the aircraft has a low and 
tapered wing, swept back at an angle of 45 
degrees. The outer wing panels outboard of the 
wing folds have a 12 degree dihedral to offset the 
negative dihedral effect of the low mounted wing. 
To increase stability at moderate angles of attack, 
the horizontal stabilizer is mounted with a nega- 
tive dihedral of 23 degrees. The stabilizer is of the 
all-moving type while the vertical fin and rudder 
are conventional in design. Length overall is 58 
feet and the span 38 ft 5 inches. 


Full span leading edge flaps are fitted to im- 
prove low speed characteristics. Conventional 
aileron controls working in conjunction with a 
spoiler system are fitted on the inner wing panels 
inboard of the wing fold, the trailing edges of the 
two outer wing sections being plain. 


The firepower of the Phantom II is made up of 
missile armament. A multiple load of Sparrow I/I 
air-to-air missiles can be mounted in recesses on 
the underside of the fuselage. This stowage offers 
low drag while at the same time not taking up a 
large fuselage volume. On firing, the missiles are 
launched downwards by explosive charges, after 


The Vigilante made its first flight on August 
31st, 1958. Since that date evaluation trials have 
continued both by the manufacturer and at the 
Naval Air Test Center, Patuxent River, Md. 
During this period the Navy has awarded con- 
tracts to North American Aviation totalling 
$468.5 million for the provision of additional 
A3J aircraft and support equipment. The final 
phase of the programme will be the carrier suita- 
bility trials and it is anticipated that the aircraft 
will enter fleet service in 1961. The Grumman 
A2F-1, of which eight have been ordered, is 
being developed under a “‘cost-plus-incentive-fee”’ 
contract of $101 million which is administered 
by the Navy. The first flight of the Intruder took 
place in April 1960, so that carrier trials cannot 
be expected in the very near future. 

The Phantom I is already in volume production 
at McDonnell Aircraft and will be joining the 
fleet in the coming year. Carrier trials are com- 
pleted, and an interesting point in connection 
with this aircraft and the Vigilante is the recent 
award of a further $21 million contract to General 
Electric Company for the supply of the J79 
powerplants for these aircraft. cae 
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L, all countries, the controversy as to who is 
to wield the aerial weapons of war at sea has 
been going on for decades, without the theorists 
having come to any agreement. For the naval 
man, however, there is no doubt at all: the missile, 
whatever its type, is a weapon like any other 
and must be added to the arsenal which will 
enable the Navy to efficiently perform its basic 
task: operations on the water, under the water 
and over the water. 


The missions 


Before embarking on a survey of French naval 
aviation, it is, perhaps, pertinent to recall some 
of the main missions of the Navy. These are, 
basically, the protection of the shipping of France, 
the States of the French Community and (in 
cooperation with other Navies) the NATO 
countries; the défence of lines of communication 
and the points which they connect; and the 
establishment of a mobile task force ready to 
intervene at any spot the Government thinks fit. 

It is, of course, obvious that certain of these 
missions may be modified to comply with 
organizational changes in NATO and_ the 
French Community, living organisms which are 
continually in a state of evolution; but the 
essentials remain the same. 

Out of the naval missions stem those of the 
Naval Air Arm, which are as follows: 

First and foremost, long- or short-range anti- 
submarine operations to ensure the protection 
of merchant shipping. The advances recently 
made in submarine design are rendering this task 
increasingly difficult, with the result that the role 
of fixed-wing aircraft, helicopters and in the 
near future missiles, is assuming a growing 
im ortance. The partnership of escort vessel and 
aircraft will henceforth becom: indissoluble, and 
if the aircraft is unable to shoulder the entire 
burden of anti-sutmarine warfare, it is never- 
theless the key factor in the protective network. 

The second mission of the Naval Air Arm is 
air defence. If the sut murine is shipping’s number 
one encmy, then the aircraft is encmy number 
two. And the increase in its endurance, an increase 
which will be practically unlimited with the 
advent of nuclear propulsion, means that the 
zones which are free of danger are getting smaller 
every day. Of course, the threat from the air does 
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Retailoring the French Naval Air Arm 


By General L. M. Chassin, Paris 


not hang over merchant shipping alone. The last 
war was the war of the aircraft carriers, and in 
nearly all the battles it was the aircraft which 
played the decisive part, rather than the cannon 
and torpedoes of the surface vessels. Tomorrow’s 
fleets will still be attacked by aircraft armed with 
bombs, torpedoes and air-to-surface missiles, 
until the lethal charges can be transported from 
start to finish by surface-to-surface missiles. It 
should also be added that, as long as such missiles 
remain purely ballistic, i.e. not guided over their 
entire trajectory, mobility will give ships a good 
chance of escaping destruction. 

It is therefore still good policy to place our 
trust in aircraft carriers, at least the smaller ones, 
until the solution of the VTOL problem gives 
each ship its own mzans of defence. The first 
requirement, therefore, is for aircraft which will 
be able to keep a look-out, carrying high-per- 
formance detection and warning systems, and for 
interceptors to stop the enemy before he can 
launch his attack weapons. These must, of 
course, be backed up by a good anti-aircraft 
artillery system making increasing use of missiles. 


Another aspect of naval warfare is the use of 
mines around the ports which ships must sooner 
or later enter, if only for repairs. In the offensive 
role, the mine-laying aircraft is ideal for operations 
in the approaches to enemy harbours; for the 
defence, the value of the helicopter as an aid to 
the mine-sweeper is becoming increasingly 
appreciated. 

Finally, thought should be given to amphibious 
warfare. Admittedly, with modern explosives, a 
landing on the scale of the operation of June 6th, 
1944 is difficult to imagine. But, as is well known, 
war can assum? a variety of forms: it may be 
non-nuclear; it may also be limited to a “brush 
fire’ requiring rapid extinction. The latter could 
involve smull landing operations of the con- 
ventional type, where the fixed-wing aircraft and 
the helicopter would clear the beaches and land 
the first assault units, followed up by support 
frem_ carrier-based aircraft throughout the 
battle. 

Such are the miin tasks which the French Naval 
Staff envisages for its airborne units. There are, 
of course, secondary missions which are by no 
mz2ans unimportant and which should be briefly 
listed: shore- and ship-based training, transport 


and communications, and finally air-sea rescue, 
which saves human lives every day. 


The organization 


To perform all these missions, the French 
Naval Air Arm has a well-coordinated organi- 
zation employing a substantial number of 
personnel. The French Navy is some 70,000 
strong; of these, 5,000 are officers and 17,200 
petty officers. Out of this total, the Naval Air 
Arm accounts for 10,000 m:n (not counting 
general service personnel «employed on the air- 
craft carriers and at bases—this would bring the 
number to 15,000) and about 850 officers. This 
personnel mans 850 aircraft, of which about 450 
are combat aircraft. 

Long considered the Cinderella of the Navy, 
the Naval Air Arm has assumed an ever-increasing 
significance in recent years. The most important 
posts are assigned to “‘aviators’’: Admiral Nomy, 
who has for many years held the key post of 
Naval Chief of Staff, had spent almost all his 
career in naval aviation. At present, Rear- 
Admiral Lainé, a pilot of genius, has just suc- 
ceeded Vice-Admiral Ponchardier, himself an 
“old hand” on flying boats and aircraft carriers, 
as Assistant Chief of Staff. Moreover, the head 
of the Naval Air Arm Division at the Naval Staff 
headquarters has recently been promoted to 
Vice-Admiral. Vice-Admiral Suquet, a flag- 
officer with a keen intelligence and wide interests, 
has under his orders a section of the Staff and a 
central aviation department consisting of three 
bureaux: materiel, administration and technical 
research. This section maintains close liaison 
with the Air Staff, the Technological Bureau 
(Direction Technique et Industrielle) which is 
responsible for the specification and development 
of prototypes, and the Air Base Ccmmiand. The 
Naval Air Arm is divided into carrier-borne 
forces and land-based forces specializing in 
muritime operations. These forces have at their 
disposal fixed or mobile bases and _ logistic 
services. The aerial forces established in the 
Mediterranean are under the command of a flag- 
officer (at present Rear-Admiral Philippon). The 
land-based forces take their orders from maritime 
prefects or naval commanders through the inter- 
m2diary of regional air commanders. Depending 
on the chief mission of the aircraft, bases are 
divided into ASW bases and supply and training 
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Tbases. he former are as follows: Lann-Bihoué 
near Lorient in the Second Maritime Region; 
Nimes-Garon, in the Third Maritime Region; 
Lartigue, near Oran, in Algeria; and finally 
Dakar in Senegal. Carrier-based units operate 
from Hyéres-Palyvestre near Toulon and Bizerta- 
Karouba in Tunisia. The support and training 
bases are Lanveoc-Poulmic, near Brest, Cuers- 
Pierrefeu near Toulon (workshops), Agadir and 
Khouribga in Morocco (training bases in course 
of withdrawal) and, for communications and 
transport aircraft, Dugny near Paris and Maison- 
Blanche near Algiers. For the sake of completeness 
it should be added that the Naval Air Arm also 
possesses a forward base at Nouméa-Tontouta, 
where Admiral Martinet, NavalCommander in the 
Pacific, needs seaplanes to perform missions over 
the vast ocean regions (Grumman A/batross SA15 
twin-engine flying boats are at present on order). 


Personnel training 


For the time being, and although in theory this 
is, under current agreements, rightly the province 
of the Air Force, the Navy assumes responsibility 
for the training of its own pilots, apart from the 
basic and technical training of its officers on the 
active list, who spend six months at the Salon Air 
School. The other trainee pilots (petty officers 
and reserve officers temporarily assigned to the 
active list) begin with a three-month course at 
Saint-Raphael before going to Khouribga, where 
they begin flying training while continuing class- 
room instruction. They complete 160 flight hours 
on Morane-Saulnier MS.733s and North American 
SNJ4s (naval version of the T.6). The course lasts 
eight months, after which pupils specialize in 
twin-engine or single-engine aircraft. The former 
complete their training at Agadir in Beechcraft 
SNB5s (80 flight hours in 314 months) and are 
then sent as co-pilots cither to transport or 
support aircraft, or to ASW units (at present 
Lockheed P2V-6 or P2V-7 Neptunes). The latter 
spend eight months more at Khouribga, complet- 
ing 160 hours on SNJ4s, Fouga CM.175s, 
Corsairs and Vampires. Once they are awarded 
their wings, the new fighter pilots are sent to the 
Hyéres naval base where they receive their final 
training either as all-weather fighter pilots or as 
strike fighter pilots. Here they learn how to make 
deck landings before being finally assigned to 
aircraft carriers. 

Mechanics, armourers and photographers are 
trained at the Rochefort Air Force base where 
the Navy has an entirely independent facility but 
benefits from certain joint courses. Navigators, 
radio officers and radar operators are trained at 
the Lann-Bihoué base, near Lorient. All the 
service equipment is supplied by the Navy. It is 
hardly necessary to say that the Naval Air Arm 
is an integral part of the maritime forces and that 
its command at the various levels is integrated 
with that of the Navy. 


The aircraft carriers 


The Navy possesses six aircraft carriers: the 
La Fayette, the Bois Belleau, the Arromanches, 
the Clemenceau, the Foch and finally, a helicopter 
carrier, the Jeanne d’Arc, which is still under 
construction. The Bois Belleau (which is shortly 
to be returned to the Americans) and the La 
Fayette were built in 1943 and are now obsolete; 
the Arromanches, on the other hand, was 
modernized in 1958 and is still able to give useful 
service. 

The Clemenceau, launched in December, 1957 
and the Foch, launched in July, 1959, are so-called 
support carriers. The Clemenceau began trials in 
November, 1959 and the Foch is to begin trials 
this month. The helicopter carrier, whose keel 
was laid at Brest in May, 1960 and which is part 
of the 1957 portion of the naval programmz:, will 
be launched in October, 1961 and will enter service 
in 1963. If by this date the solution of the VTOL 
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An Aquilon fighter-bomber (Sud-Aviation’s licence version of the D.H. Sea Venom) leaving the Clemenceau’s port steam 
catapult. To the right are two Fouga CM.175 Zéphyrs and a Breguet 1050 Alizé. 


problem has brought about a change in the 
situation, this vessel could becom2 a new-style 
aircraft carrier. For the time being, however, it 
is designed not only as a helicopter carrier but 
also as a command or troop transport vessel: 
used for the latter purpose, it can transport a 
battalion of 700 fully-equipped troops. 

Its general characteristics are as follows: 
dimensions 600 « 80 ft; draught 20.46 ft; speed 
26.5 knots. Range 6,000 nautical miles at 15 
knots. Anti-aircraft weapons: four automatic 
4-inch guns in separate faired turrets; Masurca 
missiles; ASW weapons; Frelon heavy helicopters 
(8 in peacetime, 12 in wartim2). Geared turbines; 
two screws; 40,000 hp motors; oil furnaces. 


Crew: 1,050. Dimensions of landing deck: 218 » 
69 ft. 

Apart from these vessels which are to enter 
service within the next few years, the French Navy 
is to build a missile-launching cruiser to be armed 
with Masurcas and Malafaces against surface 
vessels and Malafons against submarines. This 
vessel is to be equipped with high-performance 
radars of advanced design, including a three- 
dimensional radar which is so large that a spe- 
cial tower will have to be built for it. The cruiser 
will also carry helicopters. 

Finally, the projected landing craft transports 
will be able to carry helicopters, and the Naval 
Air Arm will thus have its place on most of the 


The aircraft carrier Clemenceau, of 22,000 tons standard displacement and 27,300 tons full load displacement, has a maxi- 
mum speed of 32 knots and a deck angled at 8° to the fore and aft line. Visible in the picture are the four arrester 
cables and the landing mirror (forward of the derricks). In the bows are the two 175 ft steam catapults, which can accelerate 
15 ton aircraft to a speed of 110 knots. The “‘island”’ to starboard houses all the carrier’s control rooms and steering equip- 
ment. There is also a radome for the surveillance of approach maneuvres. On the deck: two CM.175s, five Aquilons and a 
Vertol helicopter. 
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new vessels. This “invasion” is expected to 
become almost universal when the Navy gets 
VTOL aircraft, which can be accommodated on 
nearly all military craft, even on submarines, 
tomorrow’s capital ships. We may then expect to 
see a veritable revolution in naval architecture, 
which will have to consider the presence of air- 
craft and their requirements (fuel tanks, hangars 
etc.) when deciding on the distribution of weights 
and volumes. But naval engineers have for long 
demonstrated their ability to keep abreast of 
progress. 

The carrier and the aircraft must be adapted 
to each other’s requirements, and overall plan- 
ning must make allowance for the theatres in which 
the forces are most likely to have to operate. The 
Mediterranean theatre on the one hand, and the 
state of our finances on the other, are suited to 
small aircraft carriers, and one can hardly see 
France or nations of similar magnitude building 
























A Breguet 1050 Alizé prepares to make a deck landing: 
undercarriage is extended, landing flaps and arrester hook 
are down, and the dome of the search radar is retracted. 


The land-based Lockheed P2V-6 Neptune patrol aircraft 
is still a mainstay of long-range ASW operations. From 
1964 onwards it will be replaced by the Breguet 1150 At- 
lantic. 


Drawing of the probe and drogue flight refuelling system 
of the GAMD Etendard IVM single-seat multi-purpose 
combat aircraft. To facilitate contact, the probe swings to 
the left after extension. 





A hovering Sikorsky HSS-1 (S-58) anti-submarine helicop- 
ter of the French Navy “‘listens’’ with its sonar equipment 
100 ft deep in the sea. If there is no “‘word”’ from the enemy, 
the crew hauls the sonar up and the helicopter moves on to 
another listening post a few miles away. Operations can go 
on in waves over 6 ft high. 


large carriers whose usefulness would be some- 
what problematic. But aircraft carriers of low 
tonnage have landing decks of limited dimensions 
and cannot carry all kinds of aircraft. Fortunately, 
however, it has been found that the kind of land 
warfare which would probably take place in the 
European theatre of operations has influenced 
French planners, who have demanded relatively 
light aircraft with high rate of climb and short 
take-off characteristics, easy to handle and with 
adequate armament. These are in contrast to the 
powerful and heavy machines requiring long 
runways, which will be necessary for operations 
in larger theatres than our own on the fringe of 
the Iron Curtain. Finally, the light tactical aircraft 
designed for the Air Force have been found to 
be easily adaptable to the special requirements 
of carrier-borne operations, and it is perhaps 
legitimate to wonder whether France may not 
one day become supplier to all the nations which 
also own “‘small’’ aircraft carriers: Australia, 
Brazil, Canada, the Netherlands, India and 
Argentina. 


The aircraft 


Although the Naval Air Arm at present uses 
over twenty different aircraft types, mostly of 
foreign origin, current plans should lead to a 
concentration of types and the use of exclusively 
French aircraft. On June Ist, 1960 the Naval Air 
Arm had 19 squadrons (combat units) and 20 
non-combat units, including 3 helicopter units. 
Carrier-borne aircraft formed 9 squadrons: 
3 for anti-submarine warfare, on Avenger TBMs, 
2 all-weather fighter squadrons on Aquilons (Sea 
Venoms) and 4 strike squadrons on Corsairs. 

Land-based aircraft comprised 7 squadrons: 
one of PSM-2 Marlins (twin-engine ASW flying 





boats), 5 of P2V-6 and P2V-7 Neptunes (twin- 
engine reconnaissance and ASW aircraft) and 
one of Consolidated Privateers (4 P & W Twin 
Wasps—teconnaissance, ASW and _ bombing). 
To these must be added an amphibious sur- 
veillance squadron of Grumman Goose twin- 
engine aircraft, based at Karouba, and 3 heli- 
copter squadrons. 

Transport and communications duties are 
performed by 2 squadrons of SO 30P Bretagnes 
(Dugny and Maison-Blanche) and a squadron of 
Lockheed PV-2 Harpoons and Dassault MD.312s 
based at Les Mureaux. There are 10 further 
supply squadrons for the Naval Air Command, 
plus one communications squadron. Finally, the 
Secrétariat Général de l’Aviation Civile et Com- 
merciale (SGACC), which is responsible for air- 
sea rescue missions, has a fleet of Avro Lan- 
casters at its disposal. 

The present situation is, however, shortly 
expected to change. All carrier-borne ASW air- 
craft will be Breguet 1050 A/lizés; 75 have been 
ordered at a price of 4.5 million new francs each 
(half this price is accounted for by the electronic 
equipment). All the Corsair or Aquilon aircraft 
will be replaced by Etendard IVMs, of which 50 
have been ordered and another 50 figure in the 
1960 “programme law.” Long-range ASW and 
reconnaissance missions will be carried out by 
the Breguet 1150 Atlantic, which is expected to go 
into service in 1964. Here it should be recalled 
that prototypes for the Naval Air Arm are ordered 
by the Direction Technique et Industrielle (DTI) 
out of Air Force funds, while pre-production and 
production aircraft are funded by the Navy. 

Thus, in a few years’ time, the French Naval 
Air Arm will be equipped entirely with three 
French-designed combat aircraft: the Dassault 
Etendard IVM and the Breguet Alizé and 
Atlantic. It will also have two types of helicopter: 
the Sud-Aviation Alouette II for rescue work, 
operating from escort vessels in connection with 
ASW missions, and the Sud-Aviation Frelon, 
the heavy ASW helicopter to replace the navalized 
S-58s at present in service; finally, there will be 
a special deck-landing trainer, the Fouga CM. 
175M. 


The Etendard IVM 


The Etendard is a result of the NATO com- 
petition for a light tactical aircraft capable of 
operating from unprepared terrain; in the early 
days of a nuclear conflict, the mobility of such 
an aircraft would enable it to escape destruction 
by changing its base from day to day. The winner 
of the competition was the Fiat G.91, but the 
two Etendards—IV and Vi—presented by Das- 
sault showed such excellent qualities that the 
Naval Staff asked the designers to study the 
possibilities of navalizing the Atar-powered 


The Dassault Etendard IVM carrier-based single-seat multi-purpose combat aircraft, navalized by the addition of catapult 
bridle attachments, arrester hook and adjustable nosewheel leg (Messier). GAMD AIDA DRAA 3D radar in fuselage nose; 
two JL-100 combined rocket launcher/auxiliary fuel tanks, each for 18 unguided rockets and 55 Imp.gal. fuel, under the 
wings. The aircraft can carry a total of four JL-100s or other external loads. 
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Etendard IV with a view to placing it in service 
on French aircraft carriers under construction. 
The result of this study was the Etendard IVM, 
powered by the SNECMA Arar 8 without reheat, 

a low- and medium-altitude naval strike aircraft 
to operate from small carriers. The characteristics 
of the Etendard IVM are as follows: 

Dimensions: Length 47.08 ft; Span 31.49 ft or 
25.59 ft folded; Height 12.63 ft. Weight: Equipped 
empty 12,540 Ib; Fully loaded 22,440 lb to 23,760 
lb. Powerplant: 1 SNECMA Atar 8; maximum 
thrust 9,680 lb. Fuel: Type TR 0, TR 4, TR 5 
(can be refuelled in flight). Useful internal 

capacity 715 Imp.gal. plus two 137 Imp.gal. 
auxiliary tanks. Armament: Two 30mm cannon. 

Five pylons for napalm bombs, rockets (SNEB, 
T 10 or HVAR 5), Nord 5103 missiles, bombs, 
AS 30 air-to-surface missiles. Performance: 
Maximum speed at sea level 650 knots; maximum 

speed at 39,000 ft 580 knots; cruising speed at 

39,000 ft 500 knots; max. Mach No. in horizontal 

flight 1.02, in dive 1.3; ceiling 50,000 ft; time-to- 

climb to 36,000 ft 5 minutes; deck landing speed 

120—125 knots; catapulting speed 140—145 

knots. Range: In the strike role, radius of action 

is between 200 and 500 nautical miles from the 
carrier, depending on the mission profile and the 
armament carried. Refuelling in flight increases 
these distances by 200 n.m. In the interceptor 
role, endurance is 3 hours. 

The Etendard’s missions are as follows: 

1. — Offensive missions: Attacks on naval targets 
(up to 325 n.m. from the carrier). Ground 
support and attacks on coastal targets from a 
naval force (in this case endurance is over 
2'4 hours). Low-altitude penetration below 
the enemy’s radar coverage and attacks on 
surface targets. 

The Etendard is particularly well suited to 
carry out these missions by reason of its 
qualities: substantial power reserves enabling 
it to pass rapidly from a relatively slow 
observation speed to a very high combat or 
evasion speed, good relationship between the 
internal and external fuel loads, ease of 
handling and high degree of safety due to its 
droop snoot wing leading edges, good cockpit 
visibility, wide variety of armament (bombs, 
rockets, manually guided air-to-surface mis- 
siles). 

. Carrier-controlled defensive missions: Long- 
range defence of a convoy (up to 325 n.m.). 

Standing patrol: permanent defence of a 
convoy (performs mission at 180 n.m. distance 
after one hour’s readiness in flight). 

In the first case, the aircraft is catapulted as 
soon as an enemy attack detected by the 
carrier’s radar has been identified as such. It 
should be noted in passing that identification 
is much easier here than in the case of air 
defence from the ground, since there are far 
fewer aircraft movements over the sea than 


No 


over land, and there is only one target (the 

naval force). In this role, the Etendard can 

carry out interceptions at distances of up to 

180 nautical miles if the enemy attacks at low 

altitude, and up to 380 nautical miles if he 

attacks at medium altitude (39,000 ft). 

In the standing patrol role, the Etendard waits 
in readiness above either the carrier or the escort 
vessel. The latter may, in certain cases, replace 
the carrier to direct the manoeuvre. The fighter 
waits at the altitude of 39,000 ft, which is that 
of maximum endurance, and dives on the target 
allocated by the controller. 

The protection of ASW aircraft and photo 
reconnaissance can also be entrusted to the 
Etendard. ASW aircraft are ill-suited to aerial 
combat and must be protected; for photography, 
the French Navy has ordered a “reconnaissance” 
version of the Etendard which, fitted with a 
special nose, carries a whole battery of cameras. 
The gun bay can also be used for reconnaissance 
equipment. 

The Etendard IVM’s radar is a Dassault AIDA 
(DRAA.3D) which, housed in the aircraft’s nose, 
detects targets at ranges of up to 12 miles with 
a conical beam of 20° aperture. The radar data 
are fed into a CSF Sadir Type 92 fire control 
system, which gives the pilot the distance of the 
target, its elevation and bearing, and (with the 
aid of a computer) the “‘within range”’ and ‘“‘break 
away” signals. 


Navalization of the Etendard 


In order to perform its naval missions and to 
operate from aircraft carriers, the land-based 
Etendard IVA has undergone certain modifications 
in addition to the installation of the AIDA radar, 
the pressure flight refuelling system, the TACAN 
and the altimeter. Folding wings have been fitted, 
as well as an arrester hook, catapult bridle 
attachments, long-stroke shock absorbers and 
high pressure tyres, and adjustable extension of 
nosewheel leg to increase incidence on cata- 
pulting. 

Thus modified, the Etendard IVM represents 
the ultimate in light carrier-borne aircraft. Its 
trials at Bedford, on the Arromanches and on the 
Clemenceau have been highly successful, and it is 
fairly safe to say that the French Naval Air Arm 
will at long Jast have a robust, adaptable high- 
performance carrier-borne aircraft which should 
have a great future ahead of it. 


The Breguet 1050 Alizé 


The Breguet 1050 Alizé is a carrier-borne ASW 
aircraft. Capable of detecting, pinpointing and 
attacking submarines, it combines the functions 
of the search and the killer aircraft. It thus 
represents two aircraft in one, its chief advantages 
being as follows: 

—a highly reliable engine, the Rolls-Royce 

Dart 21, the naval version of the civil Dart 7; 


Model of the Breguet 1150 Atlantic naval patrol aircraft (note the ‘nationality mark’), designed for long-range anti- 
submarine operations. The Atlantic is at present under development, and two prototypes are expected to be ready for flight 





testing by 1962. Two Rolls- 
Royce Tyne propeller tur- 
bines (to be manufactured 
under licence by Hispano- 
Suiza, MAN and FN), will 
give the Atlantic cruising 
speeds of the order of 400 
m.p.h.: endurance is expect- 
ed to be from 12 to15 hours; 
span 122.66 ft; wing area 
1,295.33 sq.ft.; all-up weight 
40 tons; comprehensive elec- 
tronic equipment, including 
a SFIM navigation system. 

























An Alizé in front of the imposing antenna array of the 
Clemenceau’s radar. 

















The Clemenceau’s hangar deck with Alizés. This “facility” 
is 501 ft long, 87.5 ft wide and 28 ft high. Aircraft are raised 
to the deck and lowered by means of two lifts measuring 
53 x 36 ft. 


— excellent functional layout; 

— comprehensive electronic equipment; 

— a great variety of weapon loads; 

— exceptional performance; 

— ease of maintenance, which is kept to a 
minimum; 

— great flexibility in operation. 

Armament: On normal submarine hunter-killer 
missions the Alizé carries 2,200 Ib of weapons 
under its wings or in the bomb bay. Under the 
fuselage, it can carry 1,100 lb of depth charges 
and a pack containing special directional or 
omnidirectional sonobuoys (4 per pack). Nord 
5103 missiles, T.10 rockets, bombs or containers 
can be carried at the wing-tips; the bomb bay 
willaccommodate a 1,540 lb LK.4 homing torpedo 
or depth charges (1,100 Ib). 

Radar: The Alizé’s radar is a CSF equipment, 
type DRAA.2A, with 3-cm wavelength and 240 
kW peak power, for long-range detection of ships 
or coastlines and hunter-killer operations against 













Part of the Hispano-Suiza un- 
dercarriage for the Breguet 1150 
Atlantic: box-type structure of 
high-strength light alloy; sliding 
tubes, axle supports and axle 
bars in alloy steel with a tensile 
strength of 114 tons/sq. in.; re- 
tracting struts with integral 
locking devices, as used on the 
Caravelle; die-forged magne- 
sium-zirconium alloy wheels, 
brakes with three disks, hydrau- 
lic pumps with an operating 
pressure of 2,987 p.s.i. (all by 
Hispano-Suiza). 






























submarines which are either semi-surfaced or 
merely showing their snorkels or periscopes. The 
radar also incorporates special anti-clutter circuits 
for use in high seas. 

Navigational aids: Bézu 32 gyro-compass; 
Crouzet 301 dead reckoning computer; NR.AG. 
2E single-frequency radio compass; TACAN 
system; UHF communications; NR.AS.26 radio 
altim2ter; BIP angle of incidence indicator; 
SFENA 318 autopilot. 

Crew cabin: The crew of three is accommodated 
in a single cabin, spacious and well laid out. The 
pilot and navigator are seated side by side, the 
forme2r to starboard, the latter to port. The pilot, 
who is in commund of the aircraft, directs the 
general course of the mission and launches the 
rockets, depth charges or torpedoes. The navi- 
gator, who is provided with a radar display, 
operates the automatic navigation system and 
the sonobuoy receiver system, releases the buoys 
and fluorescent markers and remotely controls 
the missiles where this is required. 

The radio and radar operator is seated facing 
backwards. He has a radar display, operates the 
radar, refills the marker tubes, muiintains radio 
communications if necessary and handles the 
MAD (Magnetic Ancmily Detector) which 
measures the distortion produced in the earth’s 
magnetic field by the presence of a sutmarine. 

Special missions: The Alizé can be used as a 
mine-layer; in this role it can carry beneath its 
wings or inside its fuselage various com inations 
of mines (6 = 550 Ib, or 4 x 1,100 Ib, or 2 
1,100 Ib plus 1 1,760 Ib, or 4 = 550 lb plus 
1 = 1,760 Ib). It can also be used to tow targets 
by mzans of a Winch under the centre section in 
the place of the bomb rack. 

Maintenance: One of the outstanding qualities 
of the Alizé is the speed and ease with which it 
can be mnuintained. Fifty-hour checks can be 
carried out by a 13-mancrewin 6 hours. Hundred- 
hour inspections can be carried out by a 13-man 
crew in 8 hours. This means that an aircraft is 
out of commission for only a day at a tim2. 
Detailed inspections are made every alternate 
year (or every 1,200 hours); here the aircraft is 
immobilized for a maximum of two weeks. 

The Breguet Alizé is the result of close colla- 
boration between Breguet and the services of the 
French Naval Air Arm, and this highly successful 
aircraft has given its users entire satisfaction. In 
anti-sut marine missions reliability is the main 
requirem:nt rather than high speed, which is 
superfluous. Endurance, ease of handling, the 
high standard of the equipment and maximzm 
operational readiness are the essential qualities. 
Breguet has understood this very well, and it is 
for this reason that the A/izé does credit to its 
designer and to the entire French equipment 
industry. As one of the most modern light ASW 
aircraft at present in existence, it has aroused the 
interest of a number of foreign navies. Moreover, 
it has enabled its designer to acquire sound 
experience in solving many knotty problems. It 
was this experience which enabled Breguet to win 
the 1958 NATO competition for a heavy ASW 
patrol aircraft. 
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Model of the French heli- 
copter carrier Jeanne d’Arc 
at present under construc- 
tion for 8 to 12 Sud-Avia- 
tion Frelon heavy ASW 
helicopters; the carrier can 
also serve as a training ship 
or troop transport (for 700 
men). Armament: four 4 in. 
guns in turrets and a rocket 
launcher with target acqui- 
sition radar (in bows). The 
deck measures 198 x 69 ft. 


The Breguet 1150 “Atlantic” 


It was only the long-range ASW aircraft which 
permitted effective anti-submarine operations 
during the last war, by detecting and attacking 
sutmarines before they cam2 within range of 
convoys or naval formations. The aircraft 
hitherto used by nearly all allied navies was the 
Lockheed P2V-6 Neptune which, modified to a 
P2V-7 by the addition of two 3,400 lb Westing- 
house J 34 turbojets to its two Wright R-3350 
engines, for long gave excellent service (11 crew, 
12 hours’ endurance, miximim speed 290 knots, 
weight 40 tons, 4 tons’ weapon load, APS 33 
radar, ECM equipment, MAD gear, IFF, sono- 
buoys, LABS, searchlight for night attacks). It 
is interesting to recall these classical charac- 
teristics, for in 1958 considering the Neptune 
obsolete, in particular as regards its electronic 
equipment, NATO opened a competition for a 
long-range ASW aircraft with a far higher 
performince. Twenty-six companies from 8 
countries submitted projects. After the first 
selection was made, three competitors were left 
in the running: Breguet, Nord-Aviation and 
Avro. Nord-Aviation was eliminated in the 
second round, and finally, on December 31st last 
year, NATO decided on the Breguet 1150 
Atlantic. 

Although the performince figures for the 
NATO naval patrol aircraft are still secret, they 
can be roughly deduced from the known perform- 
ance of the P2V-7 and photographs of the 
model. 

The Atlantic will be a land-based mid-wing 
aircraft weighing about 40 tons; its length will 
be 89.26 ft, span 122.66 ft, height 35.43 ft, wing 
area 1,295.33 sq.ft. It will be powered by two 
6,000 h.p. Rolls-Royce Tyne propeller turbines. 
Its cruising speed will be of the order of 400 
m.p.h. and its endurance over 12 hours. Its 
armiment and navigation and search equipment 
will, of course, be of the most advanced kind. It 
will have a large, easily loadable bomb bay 
enabling it to carry the full range of ASW 
armament (or bombs): 385 Ib American or 
French depth charges, HVAR rockets with solid 
penetration heads or French ASW rockets, 
homing torpedoes (electrical acoustic torpedoes 
of the Mark 43 Brush or LK.4 type), and, 
undoubtedly, the most recent weapons: air-to- 
surface missiles with nuclear warheads for 
attacking deeply submerged submarines at 
distances of several nautical miles, or nuclear 
depth charges with explosive forces of up to 
30 kilotons, which can be fused to explode at 
depths of around 1,000 ft. 

The Aftlantic’s navigation and _ electronic 
research equipment will also be highly com- 
prehensive. It will be a complete electronic centre 
where man will be replaced by a number of 
computers to perform lengthy and _ difficult 
calculations. Navigation, search and attack will 
be fully automatic, and the crew’s task will be 
limited to an evaluation of the tactical situation 
and the taking of purely military decisions. The 
crew will operate in maxim.m comfort and will 
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be provided with rest facilities, air conditioning, 
soundproofing, comfortable seats, modern galley 
etc. 

Like all Breguet designs, the aircraft, intended 
for land-based operations, will be able to use 
runways of medium length; it will be easy to 
maintain and overhaul. Because the equipment 
it carries can be replaced to meet new require- 
ments as and when it becomes obsolete, the 
Atlantic itself will retain its value as a vehicle 
and is therefore certain of a long operational life. 
In any case, it is to be hoped that the new and 
revolutionary formula proposed by NATO, 
nam2ly the replacement of convoys which have 
become too vulnerable by scattered shipping 
protected by large numbers of ASW vessels, will 
prove effective with the aid of the long-range ASW 
aircraft capable of spotting, identifying, locating, 
attacking and rapidly destroying the enemy. 


Production of the Atlantic 


The production of the Atlantic has been 
planned on a European scale: Breguet will direct 
and coordinate the project and carry out the 
tests, in close collaboration with Germany 
(Dornier works, Munich, for the rear fuselage 
and tail unit), the Netherlands (Fokker works, 
Amsterdam, for the wing centre section and 
nacelles), France (Sud-Aviation works, Courbe- 
voice, for the wing outer sections and Breguet 
works, Villacoublay, Toulouse and Biarritz for 
the remainder of the work). The Belgian company 
ABAP will get a share of the work at a later date. 
The USA will give substantial financial aid under 
the MWDP (Mutal Weapons Development 
Program). Great Britain is licensing the production 
of the powerplant to Hispano-Suiza in France, 
MAN in Germiny and FN in Belgium. In the 
technical consultative committee which has been 
formed, Britain will sit beside Canada, and both 
countries will keep a watchful eye on the technical 
development of the project. 

The countries participating in the project have 
allocated credits for research and production 
and have already placed large orders which will 
greatly reduce the price of the Atlantic. Ad- 
mittedly, this price (20 million new francs, of 
which over 5 million are for the electronic 
equipment alone) is still considerable. But, in 
the case of an aircraft so vital to the conduct of 
naval operations, any “‘cheese-paring’’ would be 
false economy, particularly if the Atlantic is to 
remuin in service for a long time. 

Be that as it may, those who feel that only 
European unity in both the industrial and 
military sectors can bring us long years of peace 
ardently wish for the success of this example of 
harmonious, soundly organized international 
cooperation. 


Conclusion 


The French Naval Air Arm is in the midst of 
a period of renewal. As soon as it takes possession 
of its new aircraft carriers and the new prototype 
aircraft, Alizé, Etendard and Atlantic go into 
production, as soon as the force has enough 
heavy helicopters and a helicopter carrier, it will 
have achieved a high degree of integration which 
will enable it to assume a role of ever-increasing 
importance. But is such a carrier-based force 
really necessary in the age of the ICBM? Cannot 
the Polaris-carrying sutmarine better perform 
the task in hand? And are we in France capable 
of “going it alone’? Are we not on the eve of the 
complete integration of European defence and 
of the specialization of each nation in one parti- 
cular field? Only the future will bring the answer 
to these burning questions. Nevertheless, in the 
range of naval tasks as eternal as the sea itself, 
the Naval Air Arm has chosen the most important, 
if not the most attractive share. And it is a share 
of which it will not soon be deprived. + 























Wwe ft eel 'LWDhDlUCUNY 








Pre-loaded ball screws, up to 95/ efficient, 
operate at-52°C to over 400°C with no backlash... 


RECIRCULATING BALLS 


WIPER SEAL 




















BALL NUT 








: : See 
PRELOAD 








... ANOTHER 


~ 
SECURING BOLT 


ADJUSTING SHIM 





ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce pre-loaded ball screws.* 
These ball screws achieve a minimum efficiency of 90% and they 
can operate within a temperature range of —52° C to 400° C with- 
out lubrication, and up to 170° C when lubricated. 


Machined and ground to the highest standards of precision en- 
gineering Bristol Siddeley pre-loaded ball screws greatly increase 
transmission efficiency. They reduce the power required for actua- 
tion by as much as 80%, when converting rotary drive into linear 
output or force input into torque output. By eliminating backlash, 
with pre-loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And when 
compared to conventional screw mechanisms, they provide a 
predictable operating life which is much longer, require much less 
maintenance and give more trouble-free operation. 


Basic design application ana‘ysis 

Bristol Siddeley engineers make an exhaustive analysis of each 
specification. And each unit is specially designed for its particular 
application. The ball screws are made automatically reversible or 
with controlled ‘‘no-back,”’ with multiple or single circuits. Bristol 
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Siddeley pre-loaded ball screws have been proved as the most 
efficient method of converting rotary into linear thrust in over 
2,700 engineering applications in many branches of industry. They 
have been designed already with rated operating load capacities of 
370,000 Ib (825,000 lb maximum static load) but the maximum 
potential operating load is, in most cases, limited only by the 
requirement. 





Bristol Siddeley ball sp‘ines have been developed to 
eliminate the disadvantages of conventional splines. The 
designs are very effective in minimising friction, particularly 
when high torsional and bending loads are imposed during 
linear movement. 











*Complete technical and manufacturing co-operation with Beaver Pre- 
cision Products Inc, Detroit. 


For further information please write to J. B. Starky, Sales 
Manager (Ball Screw Division), Bristol Siddeley Engines Limited, 
PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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what mr. Hung Wo Ching says: 


We have been operating F. 27 Friendship aircraft since 
June 15, 1959. Public acceptance was phenomenal. We 
have increased passenger volume by 65.4 per cent over 
1958. Because the jetprops have exceeded all our expec- 
tations regarding efficiency and economy, we have pur- 
chased three additional F. 27s to be delivered in February, 
March and May, 1960. 


















what we add: 


In 240,000 hours of smooth flying the Friendship has 
proved its excellent profit-earning capacity and operational 
reliability in regular airline service in four continents. 






Mr. Hung Wo Ching 
President Aloha Airways 











The Fokker F 27 is built under licence by Fairchild Eng:ne and 











Airplane Corporation USA. 





you can build business on Friendfhip— 
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is experienced... 
in Data Storage Systems 


No man-made memory device has 
yet equalled the human brain from 
the standpoint of combined storage 
capacity and random-access time. 


The closest approximation is LFE’s 
HD Drum. Within approximately 
one cubic foot, the LFE HD Drum 
stores up to 15 million bits of 
information .. . has a random-access 
time of one-sixth of a second. 


LFE is experienced in the design, 
development and manufacture of 
Data Storage Systems for both 
military and industrial applications. 


Further details about LFE Storage 
Systems may be had by writing the 
International Division. Ask for 
Technical Data Digest No. 6030. 





You are flying today in the finest of airliners .. fitted 
with the best of equipment ... with your mind’s eye on the 
future. And although you marvel at the performance of your 
navigation systems, your communication equipment, the 
speed and efficiency of your engines ... you yearn for even 
finer and greater things to make your flights more dependable 
and your equipment even more reliable. 

Bendix has that same thought for the future, and all the 
while is devoting its efforts to produce “reality ” for you. 
The part of Bendix in the technical progress of aviation is 
vast and varied. Because Bendix always anticipates aviation’s 
next advance, almost every plane that flies, in some way relies 
on Bendix’ creative engineering. 


Even before takeoff Bendix’ weather instruments pro- 
vide the vital data for flight plans. Bendix filters guard the 
el used by engines equipped with Bendix starters, gener- 
ators, ignition and fuel metering. In flight... Bendix air- 


borne weather radar, automatic pilots, instruments, radio, 
actuating mechanisms, de-icing equipment, and other scien- 





PROVIDES 


tific devices surround planes with safety and guide them to 
countless landings cushioned by Bendix landing gear. And, 
with increasing frequency, Bendix Flight Path Control and 
GCA are used to bring planes safely to runways in bad 
weather. 


Bendix is first in fuel metering systems for Jets, Ram- 
Jet and Turbo-prop engines. A leader in landing gear. The 
largest producer of Aviation Instruments and Accessories 
which have become the standard for major airlines. When 
you see the name “ The Bendix Corporation ” on any product, 
you can buy and use that product with the complete assurance 
that it is the final word in creative engineering. 


From the intimate knowledge of aviation progress 
gained through this active participation, Bendix can assure 
you that today’s engineering triumphs are looked upon 
merely as stepping stones—and Bendix will continue to play 
an important part in aviation advancement. 
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RELIABILITY... 





...in COMMUNICATIONS 


...In 


Condi Adeveiitinal DIVISION 


CABLE ADDRESS : “ BENDIXINT” NEW YORK * Registered Trademark of The Bendix Corporation 


VHF Radio Transmitters and Receivers ¢« Aircraft Interphone Systems « Audio Control Panels 
e Passenger Address Systems « Amspeakers* « Antennas 


NAVIGATION 


Weather Radar « Doppler Radar ¢« Helicopter Radar «+ Dead-reckoning Navigation Systems 
¢ Self-contained Integrated Navigation Systems for Military and Commercial Aircraft e Automatic Radio 
Compass Systems e Distance Measuring Equipment e Marker Beacon Receivers « VHF Omni-Range 
Equipment e VHF Ground Direction Finders « Glidescope Receivers « Micro-Wave Equipment 
e Automatic Direction Finder Systems « Indicators « Automatic Pilot Systems « Central Air Data 
Computers « Polar Path* Compass ¢ Supersonic Flight Control Systems ¢ Sonic Altimeters 


ENGINE COMPONENTS 


Direct Injection Fuel Systems ¢ Fuel Metering Systems ¢ Jet Engine Analyzers for Temperature- 
Vibration e Carburetors e Fuel-Flow Totalizing Systems e Engine Starting Equipment 
Magnetos « Ignition Analyzers «+ Ignition Systems ¢« Dynamotors « Electrical Connectors 


AIRFRAME PARTS 


Hydraulic Actuating Equipment « Shock-Absorbing Struts « Hydraulic Master Cylinders « Landing 
Gear-Wheels ¢ Cerametalix * Brake Lining e ° Power Brake Valves a Rotor Type Brakes 
e De-Icer Systems : 





205 EAST 42ND STREET NEW YORK 17, N.Y., U.S.A. 




















SAAB J35 DRAKEN 


Western Europes most modern fighter in service 


READY FOR ACTION 


The SAAB J 35A Draken has gone into regular service with 
the Royal Swedish Air Force. Today the Draken is Western 
Europe’s most modern fighter in service! The Swedish Air 
Force and Swedish aircraft industry thus repeat their feat of 
1951 when the SAAB J 29 “ Flying Barrel ” went into service 
as the first swept wing fighter in Western Europe, and the 
most modern West European aircraft of that time. 

A SAAB J 35A Draken unit recently played a most successful 
part in a major air defence manoeuvre. This was a realistic 
test of the Draken in air defence, designed to provide control 
and ground service experience of the type acquired under 
active service conditions. Time from take-off 
order to aircraft airborne was remarkably short. 
In brief, the Draken gave convincing proof of 
its ability to save the seconds so precious in 
modern air defence. 





SVENSKA AEROPLAN AKTIEBOLAGET (SAAB AIRCRAFT COMPANY) 
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The DRAKEN 35B — with a more powerful 
Rolls Royce engine and other improvements -— has 
a top speed of Mach 2+ and an initial climb rate 
of 50,000 ft. per minute. The Draken 35B is equipped 
with advanced collision-course fire control and can 
alternatively carry rocket and guided missile fighter 
armament or heavy attack armament — rockets or 
bombs. 


The DRAKEN has full radar and navigation 
equipment for all-weather operation. Excellent 
handling qualities at low speed allow using even 
small shut-in airfields. 


The DRAKEN has been designed and developed 
by SAAB — a modern enterprise with 9,000 em- 
ployees and more than 10 years of experience in 
large-scale production of high-speed jet aircraft. 


LINKOPING SWEDEN 
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LIGHT APPROACH CONTROL RADAR 
TH. D. 1013 


RAPIDLY SET UP, EASY TOMAINTAIN, 
MINIMUM SERVICING. 


SIMPLE TO OPERATE (ELECTRONIC 
MARKING), WATERTIGHT, 
FOR USE IN ANY CLIMATE. 


AIR TRANSPORTABLE. 
TOTAL WEIGHT (including packing): 1.8 tons, 
APPROXIMATE VOLUME: 424 cu.ft. 


SUPPRESSION OF RAIN ECHOES, CIRCULAR POLARIZATION, 


Manufactured under contract to 
SERVICE TECHNIQUE DES TELECOMMUNICATIONS DE L’AIR 
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HIGH 
DEFINITION 
AND GAP FREE 
OVERAGE 


DECCA DASR-1 surveillance radar 


The Decca 10 cm. DASR-1 is already in service alterations of heading and relative speed. 
yielding results which establish its Supremacy as the ideal air % Rain and snow returns are eliminated by the latest develop- 
surveillance radar for jet age operation. ment of circular polarisation techniques, without impairing 
Proved gap free coverage to over 120 miles at 40,000 feet, com- performance on aircraft. 
bined with outstanding definition and clarity in the radar picture, 
makes the radar easy to operate and ensures safety of air traffic 
control. On the displays aircraft appear as bright sharp echoes 
under all weather conditions, with well defined trails giving * Siting at Airports is straightforward as lobing at the frequency 
continuous and accurate indication of direction of movement, employed is not operationally significant. 


DECCA RADAR DECCA RADAR LIMITED -: LONDON : ENGLAND 
@ OR 132 


% Excellent permanent echo suppression by the Decca A.T.I. 
system. 
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The Threat from the Ocean Depths 


New Concepts in Anti-Submarine Warfare 


lt has always been a military dream to 
assemble in strength, undetected by the enemy, 
and launch an overwhelming surprise attack. 
The modern atomic-powered submarine and 
the long-range ballistic missile have gone far 
towards realizing this dream. The oceans are 
no longer natural barriers against enemy 
assault, but have become the element from 
which such assaults can be launched. The 
high-speed, deep-diving atomic-powered sub- 
marine, cruising autonomously for months 
on end, is almost as difficult to counter as the 
missiles it carries within its flanks. Even the 


submarine for traditional tasks—cutting off 
the enemy’s vital supply lines and destruction 
of the surface vessels employed to protect the 
sea lanes—has become less vulnerable. 
Modern submarines can dive to greater 
depths, have longer ranges and higher 
underwater speeds than their World War II 
predecessors. Their torpedoes have auto- 
matically homing devices and can carry 
nuclear warheads for attacks on individual 
targets. 

The operating plans and chosen targets of 
hundreds of enemy sea-going submarines can 


be hidden from the victim until the vessels 
arrive in the combat zone. It is therefore 
essential that every enemy underwater craft, 
wherever it is operating, should be destroyed 
immediately on detection—whether it has 
just left its base, is under way or has arrived 
in the target area. Needless to say, missile- 
carrying submarines will seek to avoid every 
conceivable risk of detection and will there- 
fore, if anything, be even more difficult to 
deal with than other underwater craft. 
Moreover, the attacker can be expected to 
do everything possible to lead the victim’s 


A U.S. Navy Task Group on an anti-submarine exercise in the North Atlantic. Protecting the aircraft carrier are a number of escort destroyers and two hunter-killer submarines. 
Aboard the carrier are Sikorsky helicopters, Grumman S2F Trackers and Douglas ADSW Skyraiders. Flying above the Task Group are two flights of S2Fs which, like the two 
helicopters, have taken off from the carrier deck. The Lockheed P2V Neptune long-range naval reconnaissance aircraft (top of picture) comes from the Navy base at Norfolk, Vir- 


ginia. 
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An airship from U.S. Naval Air Station Lakehurst, New Jersey, being refuelled from the aircraft carrier USS Leyte. 
The fuel is transferred through a 300-ft hose, with the carrier maintaining a speed of 22 knots. 


anti-submarine forces astray by using decoy 
submarines. How can this threat from the 
high seas be countered, despite difficulties of 
such magnitude and within the framework of 
a restricted, balanced defence budget? 

In any event, defence against submarines 
comprises four phases: 1) detection of the 
submarine from the greatest possible distance; 
2) accurate location of the submarine by a 
system of coordinates which can be used by 
all defensive forces; 3) positive identification 
of the vessel as a foe; 4) destruction of the 
enemy. Needless to say, the success of each 
phase depends on the success of the preceding 
phase. Compared with air defence—which 
breaks down into the same four phases 
detection and location of the enemy (phases 
1 and 2) are very much more difficult than its 
destruction, which is simplified by the fact 
that water is»practically incompressible and 
thus carries the blast waves of exploding war- 
heads further and more effectively than 
compressible air. As the hull of a submerged 
submarine is already subjected to high water 
pressures (increasing by | atmosphere for 
every 33 ft of depth), relatively low-power 
warheads can be fatal, even over considerable 
distances. The difficulties involved in detecting 
and locating a submarine in the vast areas of 
the oceans, however, are another matter. 
They are dealt with in the following section. 


Scope and limitations of underwater 
detection 


As sea water is practically impenetrable to 
electro-magnetic waves and absorbs most 
rays even within the range of visible light, 
there is for all practical purposes no question 
of using radar, optical or television equipment 
for the detection or location of submerged 
submarines. The primary aids employed are 
therefore active or passive acoustic systems. 

The principle of the active acoustic system 
is as follows: a sound source sends out signals 
in a given direction, which are then reflected 
from the submarine (and unfortunately from 
a variety of other objects) and returned to the 
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original point of transmission. The position 
of the submarine can then be determined 
from the direction of the transmitted and 
received pulses and from the time difference 
between transmission and return. Passive 
acoustic systems use merely the acoustic 
waves produced by the submarine itself and 
therefore provide only direction indications, 
unless several receivers at different locations 
simultaneously report signals. 

In water, the speed of sound is a function 
of the medium’s elastic properties, i.e., its 
compressibility and density. As the compressi- 
bility depends on the pressure of the water, 
and the density on its temperature and 
chemical composition (salt content), there 
are three factors which determine the speed 
of sound in the sea. This speed grows with 
increasing temperature, increasing salinity 
and increasing pressure. At the surface, with 
a salt content of approx. 3.2% and a 
temperature of 0°C it is 4,720 ft/sec—or 
more than four times the speed of sound in 
air. As the salinity and temperature in the 
oceans are far from being evenly distributed, 








either in the vertical or in the horizontal 
plane, there are natural limitations to the 
detection of submarines by means of sonar 
equipment. 


Sound waves, like light waves, are refracted 
as they pass through media of different 
densities. Refraction always takes place in the 
direction of the layer with the lowest speed 
of sound. This gives rise to so-called “‘shadow 
zones,” in which there is practically no 
propagation of sound waves. Another 
phenomenon is the occurrence of sound 
channels near the surface which so to speak 
trap the sound waves and pass them along 
in the same layer. These channels occur in 
large deep-water areas, particularly when the 
sun’s radiation has heated the surface of the 
sea but not the depths. A submarine beneath 
such a sound channel can be detected only if 
sonar equipment is also dipped below the 
channel.' To give better results in the shadow 
zones and sound channels, use is made of 
the bathythermograph which automatically 
records water temperature versus depth and 
can be let down into the water together with 
a sonar equipment. 


Further, another type of temperature and 
density distribution can lead to wave-like 
layers in the water, particularly in the great 
ocean currents. These layers can be of any 
pattern, varying rhythmically, and are known 
as internal waves; their oscillation period can 
be minutes or hours. This phenomenon can 
also cause sound shadows. 


Finally, sound in water is not only refracted 
but also reflected, e.g., from the sea bed, 
wrecks, shoals of fish, whales, turbulent zones, 
and even from plankton layers. In all these 
cases the detection equipment receives random 
echoes, which powerfully distort the echo of 
the submarine and can sometimes render 
active underwater location impossible. More- 
over, it is not only the submarine which 
creates noisc; the water itself flowing round 
the microphone, the noise produced by the 
ship carrying the measuring equipment, even 
noises caused by swell and by rain can 
completely swamp the low noise level of the 
submarine. 


' Acoustic waves also travel more slowly in sound 
channels and thus cover a greater range. Objects within 
the channel can hence be detected over greater distances. 
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Two deadly enemies: A U.S. 
Navy S2F Tracker has detec- 
ted a submarine with the aid 
of its radar and is approaching 
with MAD gear (magnetic 
anomaly detector) lowered, 
ready to destroy it with depth 
charges and torpedoes. 
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The United States is therefore undertaking 
a number of oceanographic research 
programmes, using 16 research and expedition 
ships to solve the countless riddles of the 
deeps. More than $50 million are to be spent 
by the U.S. forces on oceanography during 
fiscal 1961 alone, and in the last fiscal year 
the Navy inaugurated a ten-year research 
programme, known as TENOC, to cover the 
following points: investigation of ocean 
circulations, study of horizontal and vertical 
density distribution, salt content and electrical 
conductivity of sea water, measurement of 
sound velocity behaviour, study of noise- 
producing animals, complete topography of 
the sea bed, propagation of light and electro- 
magnetic radiation in water, investigation of 
wave motion, etc. 

In addition to active and passive acoustic 
detection, there are other methods in use. 
For example, it is possible to detect small 





Ultra Electric Ltd., of London, has supplied the West 
German forces with sonobuoys to a value of £250,000; 
the first batch is here being examined by a German Gov- 
ernment inspector. 


disturbances in the earth’s magnetic field 
caused by the submarine’s metal hull. For 
this purpose use is made of highly sensitive 
measuring systems known as MAD (magnetic 
anomaly detectors), which are already 
installed in various types of navy aircraft. 
However, for these systems to be effective, 
the aircraft must fly low over the ocean sur- 
face, and even then the equipment will 
indicate magnetic disturbances only down to 
a depth of about 300 ft. Still other detection 
methods are also being studied, based on the 
fact that a submarine in motion leaves 
countless microscopic and macroscopic traces 
on the surface. The propulsion power 
developed by the submarine’s engines is 
reflected in the turbulence in its wake, 
turbulence which can be followed for some 
time after the passage of the submarine. It is 
also known that the ocean surface rises 
slightly above a submarine moving near the 
surface; this rise can be detected by surface 
vessels with special optical equipment, even 
in light seas. Highly sensitive doppler radar 


On paper, anti-submarine operations by surface vessels 
and helicopters are child’s play (in practice, of course, they 
are somewhat more complicated). Using its sonar equip- 
ment (1), destroyer A has located an enemy submarine C, 
which had already been detected by the sonar (3) let down 
into the water by helicopter B. While the helicopter 
launches a homing aerial torpedo (4), the destroyer fires 
otf salvoes of rocket-propelled depth charges (2) against 
the submarine. 





A Douglas ASD after launching a Mark 44 anti-submarine torpedo. The relatively small and light torpedo has an elec- 
trical propulsion system and an acoustic warhead. During free fall to the water it is stabilized by a brake parachute — 
not yet open in the picture— which breaks away on impact with the surface. 


equipment is also reportedly under 
development for the detection of disturbances 
on the surface. 

Submarines operating on the surface or 
snorkeling (moving just beneath the surface 
with snorkel out) can be detected by special 
radar equipment, such as has been installed 
on maritime reconnaissance aircraft for some 
years. 

Early detection of unidentified submarine 
vessels at the greatest possible range remains, 
however, the most difficult problem in anti- 
submarine warfare. True, great improvements 
have been made in underwater listening equip- 
ment during recent years, and the VDS system 
(variable depth sonar) developed in Canada 
with British and American backing is in 
future to be carried by the anti-submarine 
forces of all NATO countries. As its name 
implies, VDS is a sonar equipment which can 
be towed at variable depths behind the ship 
and can thus be dipped below the thermo- 
cline. This should make it more difficult for 
enemy submarines to hide in shadow zones. 

The most promising method, however, 
appears to be detection by means of sub- 
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marines, and special submarines for localizing 
and combating enemy underwater craft are 
being built in the United States and other 
countries. An anti-submarine submarine can 
lie in wait at considerable depth, using the 
sound channels to “‘listen in” for intruders 
over long ranges, and engaging the enemy in 
his own medium. The problem of misleading 
noises produced by the propellers of surface 
vessels, reflection of sonar waves from the 
surface, and hydrodynamic noise from dipping 
or fixed sonar equipment does not affect a 
vessel listening at greater depths. 


The weapons for anti-submarine operations 


Once an enemy submarine has been reliably 
located and identified, it can be destroyed by 
weapons of many different categories, 
including high-speed acoustic homing 
torpedoes fired from aircraft, surface ships 
or hunter-killer submarines. American 
torpedoes of this kind include the Mark 37, 
Mark 44, Mark 45 and Mark 46. Then there 
is a whole series of depth charges with 
conventional or nuclear warheads (fired from 
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The Grumman S2F Tracker, specially Jaunchers or mortars, or dropped from 
designed for the detection, location and : . 

destruction of enemy submarines, is | 2ifcraft) and underwater mines such as the 
being built in quantity at the Long Is- Mark 57 to block off river mouths, harbours, 
ot ge Feige gy Bes A = New weapons under development by the 
Beneath the fuselage is the almost en- | leading naval powers include anti-submarine 
tirely retracted radar dome (to pick up = rockets capable of destroying underwater 
submarines on the surface or just ; 

beneath the surface), in the fuselage rear Vessels over medium and long ranges (e.g. 
the retracted probe for the MAD gear. the Navy’s Asroc and Subroc). Missiles of 
Soot canbe catried inthe centralfice, _ this kind can be fired by surface or underwater 
lage bay, with additional torpedoes on _— vessels; after a ballistic phase in the 
Send Siar color 200 . aries atmosphere, they dive into the water in the 
streamlined housing below the starboard neighbourhood of the presumed submarine, 
wing. whereupon the warhead, a homing torpedo, 
automatically pursues the enemy to 
destruction. Rocket weapons will in future 
be indispensable, since surface vessels can 
scarcely hope to keep abreast of the 
constantly increasing speeds of submarines 
(particularly since the introduction of nuclear ' 
propulsion). As in aerial warfare, the rocket 
weapon must make good for the lagging 
speed of the carrier vehicle. 

Demands on acoustic homing torpedoes 
have also become more stringent. These 
weapons must not only be faster than 
conventional torpedoes, but must also be 
capable of travelling greater distances through 
the sea before encountering the submarine, 
since in view of the long operational ranges 
(up to 50 nautical miles in the ballistic phase 
alone) considerable dispersion is possible. 
Despite higher underwater speeds, these 
torpedoes should have a sufficiently low noise 
level to be able to hear the enemy submarine. 


The noise produced by the machinery, the 











A U.S. Navy ZS2G-1 patrol airship, built by Goodyear Air- 
craft Corporation, of Akron, Ohio. 


<The Lockheed P3V-1 turboprop naval aircraft, derived from 
the Electra, carries extensive submarine detection equipment 
and a good supply of weapons. The weapon bay doors can be 
seen open underneath the forward fuselage, and the MAD 
gear is fitted in the rear on a long boom. 


Radio-controlled drone helicopter, with gas turbine power, as > 
proposed by Kaman Aircraft Corporation. Such a vehicle 
could carry a torpedo or other anti-submarine weapons, tak- 
ing off in all weathers from a destroyer or other escort ship 
and carrying out its tasks well ahead of the fleet. It could also 
be used against heavily defended enemy naval units when 
manned operations would seem too dangerous. 





The Lockheed P2V-7, with two Wright R-3350-32W piston 
engines and two Westinghouse J34 jets, has for some years 
been the standard naval strike aircraft with the U.S. Navy, the 
Royal Canadian Air Force and a number of European forces. 
It is also being manufactured in Japan. 
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propellers or the underwater rocket unit, plus 
the cavitation noise? arising from the high- 
speed travel through the water naturally 
render homing more difficult. 

In any case, anti-submarine warfare 
requires perfectly coordinated operations by 
mixed naval forces, consisting of destroyers, 
frigates, aircraft carriers, hunter-killer sub- 
marines and carrier-based aircraft and 
helicopters. Each of these weapon carriers 
can accommodate a large number of 0) 
submarine detection systems and defensive 
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* Cavitation is a flow phenomenon occurring in fluids 
when the pressure at certain points falls below the vapour 
pressure. The small cavities formed collapse as soon as th 
higher pressures are reached, causing a release of acoustic 
energy and hence noise. 
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weapons: 


destroyers 


and frigates—large, 


highly sensitive sonar equipment, anti-sub- 
marine torpedoes, depth charges fired from 
launchers or mortars and long-range rocket- 


powered weapons; 


sonobuoys, 


rapid-falling depth 


torpedoes; 


fixed-wing aircraft— 
magnetic anomaly detectors, 
charges and aerial 
helicopters—primarily dipping 


sonobuoys attached to long cables and small 
depth charges; hunter-killer submarines— all 
kinds of detection equipment and weapons. 


An impressive fighting force 


The U.S. Navy has at its disposal a vast 
ASW organization, which for the North 
Atlantic region alone comprises the following 
main elements: 
| — The Sixth Fleet in the Mediterranean, 
which has aircraft carriers equipped with the 
most modern aircraft to combat enemy bases 


(in particular 


submarine bases) in the 


Mediterranean, Black Sea and Persian Gulf. 
2 — The carrier task forces of the Atlantic 
fleet, which consist of amphibious assault 
units to gain bridgeheads on coasts held by 
the enemy, and airborne attack forces to 
combat enemy naval bases. 

3 — Nuclear-powered submarines armed with 
the Polaris (operating in all the seas bordering 
the Asian continent), which could direct their 
IRBMs against vital enemy naval bases. 

4 — Special aircraft carriers equipped with 
naval strike aircraft and helicopters to hunt 
down and destroy enemy submarines cruising 
in the North Atlantic. 

5 — Long-range maritime reconnaissance 
aircraft for tracking down and destroying 


submarines. 


6 — Hunter-killer groups consisting of aircraft 
carriers and escort vessels (destroyers and 
frigates) which would ceaselessly comb the 
Atlantic on the look-out for enemy submarines 
and represent the most effective means of 
destroying submarines concentrating in their 
presumed zone of assembly. 
7 — Escort vessels to protect convoys of 
merchant ships against submarines. 

An experimental unit, known as Task 


Group ALFA, has for 


some time been 


operating on the United States East Coast 
to systematically test various methods of 
anti-submarine warfare; valuable results have 
already been obtained. 

Operations against enemy submarines at 
their bases or just as they put to sea are more 


certain of success than submarine detection 


Sikorsky is now producing the HSS-2 
anti-submarine helicopter, which is 
equipped with both detection gear—a 
sonar which is dipped into the water 
and defensive weapons. In a recent test 
the helicopter hovered continuously 
over the same spot for more than three 
hours. 


< 


* 
The destroyer USS Norfolk fires the 
ASROC anti-submarine rocket against 
a simulated water target. A rocket motor 
boosts the weapon into a ballistic trajec- 
tory which takes it into the target area; 
after impact on the water the warhead 
continues on its way under its own 
power. 
























Aircraft carriers are the backbone of the 
anti-submarine units and carry every 
aircraft category needed for anti-sub- 
marine warfare. 


Drawing of the first American atomic- 
powered guided missile frigate (DLGN 
class). Laid down as part of the Navy’s 
1959 shipbuilding programme, it will be 
armed with all the weapons developed 
for anti-submarine warfare. The absence 
of smoke-stacks enables radar and com- 
munications antennas to be located for 
optimum performance. 


The destroyer USS Hazelwood was the 
first ship of its class to be equipped with 
a landing deck for anti-submarine heli- 
copters. This destroyer and its sister 
ships are to receive DSN-1 remote- 
controlled helicopters manufactured by 
the Gyrodyne Company of America 
Inc. 
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on the high seas, as the bases are for the 
most part known, and concentrated attacks 
can therefore be made in a very small space. 
It will nevertheless be essential to pinpoint 
submarines which have slipped undetected 
out of their home ports or which are already 
cruising the oceans on the outbreak of 
hostilities, so as to prevent them from 
reaching their targets. The following example 
of a hunter-killer group operation illustrates 
how anti-submarine warfare is conducted on 
the high seas: let us assume that the radar 
operator of a P2V Neptune detects a surfaced 
diesel-powered enemy submarine. The aircraft 
commander immediately directs his aircraft 
towards the submarine, informs the 
commander of his naval unit and prepares 
for an attack with aerial torpedoes. During 
final approach, however, the submarine dives 
and thus escapes further detection by the 
P2V’s radar. The aircraft circles the area in 
which the submarine has dived and tries to 
find its approximate underwater position 
with the MAD equipment. The P2V drops 
a ring of underwater sonobuoys around the 
presumed location of the submarine, thus 


making possible a more accurate determination 
of its position. In the meantime, helicopters 
take off from the hunter-killer group’s 
aircraft carrier; letting down their sonars 
above the submarine, they continue to track 
it until the destroyers and frigates of the unit 
arrive in the zone marked by the helicopters 
and systematically go to work against the 
enemy with depth charges and torpedoes. 

If it has been possible to keep track of the 
submarine up to this point, it is almost 
certain to be destroyed. Special torpedoes 
with acoustic homing heads, launched from 
surface vessels, circle in the water around the 
target until they come into contact with the 
submarine and annihilate it. The circular 
pattern of the underwater trajectory, in 
conjunction with a computer in the torpedo, 
enables the true target to be distinguished 
from decoys with a strong echo, so that the 
submarine’s chances of escape are very slim. 
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To this class of torpedo belong the Westing- 
house Mark 37 and the General Electric 
Mark 44; the latter can also be dropped from 
aircraft. In addition, ships can fire salvoes of 
depth charges from launchers or mortars, so 
that the submarine is exposed to the concentric 
effect of countless blast waves. 

If the patrol aircraft cannot count on timely 
support from surface vessels, and if the 
submarine can be located only approximately 
from the aircraft, the commander can still 
use Betty nuclear depth charges to combat 
the submarine. These weapons can annihilate 
submarines within a radius of several nautical 
miles. Surface vehicles can also fire rockets 
with nuclear warheads over long distances 
or, where this endangers other shipping, large 
conventional warheads of the ALFA type, 
which can be hurled far from the ship by a 
rocket launcher. 


Hydrofoil boats versus anti-submarine 
missiles? 

Naval units will not, of course, be at hand 
to defend all areas of the oceans which are 
threatened by submarines. Units must 


U.S. Navy. 


therefore be able to move rapidly from one 
zone to another, and the highest cruise speed 
is essential for all vessels engaged in anti- 
submarine warfare. But owing to the rising 
drag offered by the waves at high velocities, 
it is becoming increasingly difficult to raise 
the speeds attainable by surface vessels. In 
heavy seas speeds actually drop to levels 
which are far exceeded by modern submarines 
travelling below the surface where wave drag 
is not encountered. The answer to this 
problem is the so-called hydrofoil boat, whose 
T- or V-shaped foil structure “‘flies’”’ through 
the water. When the boat travels fast, the 
wings lift the entire hull out of the water, 
thus substantially lowering drag and making 
it possible to achieve very high speeds. 

The first examples of such hydrofoil boats 
were built in certain German shipyards as 
early as World War II and are today in civil 
operation in a number of European countries. 


An American destroyer in the Caribbean fires 
a long-range rocket-propelled A/fa. This depth 
charge is among the most powerful weapons 
using conventional warheads; it is fired from 
a rotating turret with elevating launching 
tube ending in a muzzle gas deflector. 


Fire control equipment for the ASROC anti- 
submarine rocket includes a digital computer 
to determine ship’s coordinates and elevation 
and bearing angle for the launcher. The fire 
control system was developed by the Libra- 
scope Division of General Precision Labora- 
tory under the technical direction of the U.S. 
Naval Ordnance Test Station; the weapon it- 
self is manufactured by Minneapolis-Honey- 
well Regulator Co. under contract to the 





In a research and development programme 
lasting several years, the U.S. Navy has 
investigated the possibilities of using vessels 
of this type for the American fighting forces 
and has recently awarded Grumman a contract 
for an 80-ton experimental vessel to travel 
at speeds of up to 60 knots. 

Owing to their damping action, relatively 
small hydrofoil boats have the stability of 
ships of far greater displacement and can 
plough through the waves without violent 
pitching motion. A hydrofoil boat of the 
200 ton class is assumed to be as seaworthy 
as a destroyer of at least 2,000 tons 
displacement. Until now, the speed of 
conventional hydrofoils appeared to be 
limited to 60 knots owing to cavitation 
phenomena. Recently, however, super- 
cavitation foils have been developed, which 
are impervious to damage caused by the 
collapse of the cavitation bubbles on the 
upper side of the hydrofoil and the associated 
vibration phenomena; in future it is hoped 
to attain speeds of up to 100 knots. Finally, 
and by no means least important, a hydrofoil 
boat, while capable of carrying roughly the 


armament as a 


same anti-submarine 
destroyer, is a good deal cheaper to produce. 

The following example demonstrates the 
significance for naval warfare of this surface 
vessel, so far the fastest in existence. A large 
hydrofoil craft could easily be equipped with 
a guided anti-missile system to combat 
enemy submarine-launched IRBMs equiva- 
lent to the American Po/aris. In such a case 
the vessels, equipped with the new Typhon 
anti-missile system, could patrol the presumed 
operational areas of enemy guided missile 
submarines and sail quickly to zones of sus- 
picious activity. As soon as an enemy sub- 
marine-launched IRBM rose out of the water, 
the boat would launch its own defence 
missile at short range so as to annihilate the 
enemy missile during the comparatively slow 
climb phase. If hydrofoil boats were ordered 
in large numbers, the West’s aircraft industries 
could begin production without appreciable 
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delay, as the basic components of these 
vessels are very similar to those of flying 
boats. 


The industry and Navy plan new defence 
weapons 

Countless firms in the American industry 
are cooperating with the U.S. Navy in its 
efforts to create new defence weapons. The 
Navy has asked for over $1,800 million for 
anti-submarine warfare in the U.S. 1961 
budget. Over a quarter of this sum is intended 
for the purchase of special aircraft (Grumman 
S2F and Lockheed P3V) and _ helicopters 
(Sikorsky HSS-2 and Gyrodyne DSN-3), 
and a good half for the procurement of new 
seagoing vessels, including nuclear-powered 


Subroc is the designation of a new rocket weapon to be 
used by hunter-killer submarines against underwater ves- 
sels. The missile, designed by Goodyear Aircraft Corpo- 
ration, is fired from the submarine’s torpedo tube and 
rises to the surface, whereupon a solid-propellant rocket 
booster ignites and carries it through the air to the vicinity 
of the target. The torpedo then again penetrates into the 
water and pursues the submarine at high speed under its 
own power. 














































The ASROC missile ready 
for loading onto launcher. 








Skipjack type (SSN class) hunter-killer sub- 
marines, which will be equipped with 
Westinghouse Astor rocket-powered high- 
speed torpedoes and Goodyear Subroc anti- 
submarine missiles. 

As expendable sonobuoys of the con- 
ventional type have detection ranges of 
only 3 to 30 nautical miles, and as their 
reliability still leaves much to be desired, 
efforts have recently been made to develop 
long-life sonobuoys which, anchored to the 
ocean bed at strategic points so as to form a 
long chain, would give continuous warning 
of the approach of all surface vessels and 
submarines. An underwater warning chain 
of this kind, known as Artemis, is said to be 
in preparation for the U.S. East Coast. 
Under Project Atlantis the use of trans- 
Atlantic deep-sea telephone cables to give 
warning of submarines is reportedly under 
consideration. A further solution to the 
problem of long-range active sonar is the use 
of explosive charges in conjunction with sono- 
buoys, as in the Julie and Jezebel systems. 

Even in peacetime the USA must prepare all 
means permitting the simultaneous detection 
of a large, widely dispersed fleet of submarines 
ready to open fire. The moment the 
Americans are certain that the enemy is 
making such preparations, they must assume 
that an attack is imminent and immediately 
take all steps to ensure the protection of their 
reprisal forces. Once the first salvo of guided 
missiles were fired, the deterrent strategy 
would have failed and American soil would 
be laid waste. The enemy, however, would 
have a twofold task; in addition to carrying 
out actual attack missions, he would have to 
seek out all the defender’s reprisal forces— 
including missile-carrying submarines—and 
liquidate them at a blow before they could 
take action. A consideration of the problems 
of both sides—the defence and the attack — 
shows that the former has an easier task than 
the latter . . . as long as he has an underwater 
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early warning chain. In other words, the 
strategy of underwater warfare with ballistic 
missiles is, reassuringly enough, subject to the 
same new laws as those which apply to 
nuclear war in general. 

Dozens of electronics firms are working at 
high pressure on the development of new 
detection and weapon systems. The Raytheon 
Equipment Division maintains a comprehen- 
sive research laboratory with production 
plant at Portsmouth, Rhode Island; at this 
facility three-dimensional sonar equipment 
for ship and aircraft operation, deep-dip 
sonar, submerged communications and 
identification equipment, complete detection 
systems for hunter-killer submarines etc. are 
under development. The Government Pro- 
ducts Group of American Machine & Foundry 
Co., New York, has developed a 6x12 ft 
sonar system, designated AMFAR, which 
puts | megawatt of power into the surrounding 
water, thus permitting active sonar over very 
long ranges. Texas Instruments Inc., of Dallas 
supplies radar, sonar, magnetic detectors and 
computers of advanced design for the U.S. 
Navy’s ASW aircraft, and the Surface Arma- 
ment Division of Sperry Gyroscope Company, 
Great Neck, New York, is responsible for the 
development of a new type of passive sonar 
system. Avien Inc.’s Advanced Research and 
Study Center, at Farmingdale, Long Island, 
has done pioneering work in the field of 
under-water propulsion systems for depths 
of over 1,000 fathoms; these would be used 
for unmanned search vessels and remote- 
controlled attack vehicles. One such system 
has a special exhaust gas compressor capable 
of operating under pressures of up to 
3,200 psi. Aerojet-General Corporation of 
Azusa has likewise made valuable contri- 
butions in the field of high-speed underwater 
propulsion systems. Further firms from the 
long list of companies engaged in the constant 
search for new solutions to the thorny 
problems of anti-submarine warfare are: 
Bendix Pacific Division of Bendix Aviation 
Corp., Eastman Kodak Co., Heavy Military 
Equipment Division of General Electric Co., 
Librascope Division of General Precision 
Inc., Military Products Division of Hoffman 
Electronics Corp., Ordnance Division of 
Minneapolis-Honeywell Regulator Co., Ryan 
Aeronautical Co., Norden Division of United 
Aircraft Corp. 


Numerous European and Canadian firms, 
e.g. Elliott Brothers, Short, Thomson- 
Houston etc., are also working on submarine 
detection and identification systems, but 
little or no information on these projects has 
been released. 


It will thus be seen that this catalogue 
comprises for the most part firms of the air- 
craft industry; in particular, airframe and 
equipment manufacturers are expected to 
benefit from a continually increasing share 
of the credits for anti-submarine equipment. 
Coming at a time when the aircraft industry 
is hard hit by the shifts in policy of recent 
years, this extension to its programme is 
naturally very welcome. The fact that many 
of these projects today seem to border on 
the fantastic does not in any way discourage 
the industry. For it has a long experience of 
transforming “pipe dreams” into sober budget 
items with lightning rapidity. * 
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Rocket Bombs versus Submarines 


To meet the growing submarine threat in the 
North Atlantic area, NATO member countries 
have in recent years been working on a variety of 
defensive systems which have now gone into 
production or are already in service. The following 
is a description of one such system for smaller 
surface vessels. Although in no sense a revolu- 
tionary development, it is distinguished from 
other systems in that it can be accommodated in 
a small space and—since it functions entirely 
autonomously—makes no special demands on its 
carrier vessel. 

The weapon, known as Terne, is a rocket- 
propelled depth charge which (together with its 
operational support equipment) was developed 
by the Norwegian Defence Research Establish- 
ment and the Royal Norwegian Navy, with 
assistance from the U.S. Mutual Weapons 
Development Program. It is now being produced 
by Kongsberg Vaapenfabrikk at Kongsberg, 
Norway, and is destined for the escort vessels of 
NATO’s naval forces. Basic requirements were 
that the weight of the entire installation should 





Fig. 1: General drawing of the Terne weapons system and its 
five main units: 1. sonar equipment; 2. fire control equipment 
with gyroscope; 3. six-barrel launcher; 4. Terne rocket-pro- 
pelled depth charge; 5. operational control equipment. These 
five main units can be installed at any suitable points in the 
ship; the accompanying drawing represents an escort vessel 


in the 1,200-ton class. 
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not exceed 11 to 12 tons and that the deck thrust 
on firing should be limited to 6 tons. The six- 
barrel launcher had to be capable of installation 
at any point on deck, so as to cause the least 
possible interference with other armament. 
Designed primarily for escort ships in the 1,000 
to 1,200 ton class, the Terne should also be suitable 
for use aboard smaller vessels down to 500 to 600 
tons. Finally, the sonar equipment had to occupy 
no more space than the equipment needed for the 
conventional echo-ranging system installed in 
the hull. 


* 


Fig. 1 shows the complete weapons system and 
its five main units: 
I — The sonar equipment, including a search and 
an attack sonar for the detection and accurate 
localization of the enemy underwater craft. The 
equipment provides accurate information on 
target range and bearing, the rate of change of 
range and bearing, and true depth of the sub- 
marine. This information is evaluated by the 





sonar operators (in the control room) and passed 
to the fire control equipment. 


Il — The fire control equipment basically functions 
automatically. Data on ship’s course, speed, roll 
and pitch are also fed into the equipment, which 
then works out the ballistic data for the Terne 
rocket. A computer automatically predicts the 
position of the submarine and gives the azimuth 
and elevation for the rocket launcher. 


III — The six-barrel rocket launcher is gimbal- 
mounted and has an elevation swing from 45° to 
75° and a bearing traverse of 360°. Laying is 
carried out with the aid of servo motors, following 
signals from the fire control equipment. Loading 
is automatic, with the rockets being raised into 
position from underneath. 

1V — The rocket-propelled depth charges, with 
combined acoustic proximity and time fuse; a 
sectioned drawing of the Terne rocket is shown 
in Fig. 2. 

V — The operational control equipment on the one 
hand gives the anti-submarine control officer a 
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complete picture of the tactical situation and on 
the other includes the actual firing button for the 
weapon system. A plotting table permits the 
simultaneous plotting of three surface and under- 
water vessels, and two panels display information 
on the status of the weapon system (submarine 
range, bearing, depth, speed and course; bearings 
of the two sonar equipments; and launcher range 
and bearing) and provide actual rocket firing 
controls. 


Sonar equipment 


The acoustic ranging equipment consists of a 
search sonar to detect the submarine and an 
attack sonar to determine its exact location. 
During the initial search phase, both equipments 
are used simultaneously, to increase the proba- 
bility of detection. The transducers of the two 
sonars, which convert acoustic energy into 
electrical energy, are housed in a streamlined 
retractable dome with a rubber-covered sound- 
transparent window. The latter, which is rein- 
forced with a steel grid, is capable of withstanding 
speeds of up to 26 knots. In actual practice, 
however, sea conditions, the noise produced by 
the ship’s propellers and other hydrodynamic 
noise on the hull usually restrict speed during 
submarine search to between 21 and 23 knots. 


The search sonar works on a frequency of 
11 ke/s; this relatively low frequency is chosen to 
improve detection range, which under average 
water conditions reaches a value of up to 4,000 
yards. The search sonar can also be used for 
purely passive listening, in which case a bright 
spot on a cathode ray tube on the control panel 
is synchronized to rotate with the transducer in 
the sonar dome. Any noise source, such as a 
torpedo launched by an enemy submarine, will 
cause the spot to deflect towards the appropriate 
bearing. 

The attack sonar operates on a frequency of 
30 kc/s and has a normal range under average 
water conditions of 2,300 to 2,800 yards. To give 
accurate location in both the horizontal and the 
vertical plane, use is made of the split-beam prin- 
ciple, which gives an accuracy of + 1° in both 
planes on a point target. The attack sonar’s trans- 
ducer is stabilized against roll and pitch, and 
both sonars are stabilized in azimuth. 


Although the whole installation works auto- 
matically, and even the rocket launcher auto- 
matically follows the target, the sonar operators 
must intervene with corrective action. These 
operators ensure that random echoes are filtered 
out before target information is passed to the 
computer in the fire control system. Moreover, 
information from the two sonars does not come 
in continuously or smoothly, but intermittently 
and abruptly, so that automatic tracking would 
hardly be possible. During the attack phase the 
attack sonar is operated by three men: one 
operator to maintain contact in azimuth and to 
measure depth, the second to measure and 
average bearing and its rate of change, and the 
third to measure range and its rate of change. 
One operator suffices for the search sonar. 


Fire control equipment 


The sonar operators in the anti-submarine 
control room feed the fire control computer with 
data on target bearing and range (plus their rates 
of change) and target depth (previously corrected 
in a depth error computer to eliminate errors due 


Fig. 2: Sectioned drawing 
of the Terne rocket weapon 
(right) and diagram of a 
Terne operation using the 
acoustic proximity fuse. 


The  six-barrel rocket 
launcher on its gimbal 
mounting, with blast de- 
flector plate, seen here 
installed on top of the 
rocket magazine on the 
ship’s deck. 


to sound refraction caused by temperature gra- 
dients). Temperature gradients are detected by 
a bathythermograph. The computer also makes 
allowance for the ship’s course and speed, as 
transmitted from the ship’s compass and log, 
for wind speed and direction and for the temper- 
ature of the Terne’s propellant. The target coordi- 
nates established by the computer are converted 
into appropriate elevation and bearing instruc- 
tions for the rocket launcher. The launcher plat- 
form itself is automatically stabilized for roll up 
to 20° and for pitch up to 5°. 





Technical data 
for the 
Terne weapons system 


Weight of complete 
weapons system 11.5 tons 


Weight of launcher 
loaded with six rockets 2.5 tons 


Length of Terne 6 ft 5% in. 


Diameter 7.9 in. 
Transmitting power of 
sonar sets 3 kW 


Max. power consump- 
tion of complete 





system 20 kW 
Firing interval between 
rockets in salvo ¥%, sec 
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Launcher and rockets 


The six-barrelled launcher is mounted on a 
gimbal-type cradle and can fire its rockets at an 
angle of elevation of 45° to 75°, corresponding 
to maximum and minimum range. The servo 
motors work with an angular accuracy of better 
than + 0.25°. Should the electrical servo system 
fail, the launcher and cradle can be manually 
stabilized against roll and yaw. Loading of the 
launcher is automatic, although there is a hand- 
operated chain mechanism to place the rockets 
in the loading hoist. A trained crew can reload 
the launcher with six rockets in approximately 
40 seconds. 

The Terne’s warhead weighs 90 lb, and the 
complete weapon 265 Ib. The noise produced by 
the impact on the water renders the acoustic 
mechanism of the proximity fuse inoperative for 
a short time. To cover this period and in partic- 
ular to deal with submarines near the surface, the 
fuse contains a time element which can be set to 
detonate the warhead immediately after the 
rocket enters the water. The fire control officer 
thus has a choice between proximity fusing (for 
submarines at greater depths) and time fusing 
(for shallower depths). 

* 


The Terne anti-submarine rocket is now also 
to be tested in the United States. American Bosch 
Arma Corporation recently received a $1.5 
million contract to convert the weapon to meet 
U.S. Navy specifications. If the U.S. Navy also 
adds the Terne to its anti-submarine arsenal, then 
the entire NATO naval forces will have a versatile 
weapon which, produced in large quantities, will 
provide high fire power for a relatively low cost. 


+]. 
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The Aircraft Carrier 
is Still a Trump Card — 






Out of the more than 60 aircraft carriers at the West’s disposal the 
USA could muster 30, the British Commonwealth 10 and France 3 for 
operations on the high seas in the event of an emergency. The majority 
of these 43 front-line ships are so-called attack carriers for tactical and 
strategic missions, representing an aerial force of about 4,000 modern 
jet combat aircraft to challenge the enemy on the world’s oceans and 
attack him on all his coasts. As each of these 4,000 aircraft can carry 
nuclear armament, the West’s aircraft carriers are a weapon which, 
despite the threat from the ocean depths and from the air, despite 
growing competition from the submarine carrying strategic missiles, 
should not soon lose its significance. 

The large attack carrier is not merely a combat vehicle which can 
pack a powerful aerial force into a very small space, but also a 
substitute for certain forward strategic air bases from which the USA 
may possibly have to withdraw in the next few years. The requirement 


The aircraft carrier USS Forrestal with angled deck, four steam catapults and a com- 
plement of 4,000 men, can accommodate up to 170 aircraft on or below deck. The six 
ships of this class form the world’s biggest floating air bases, from which aircraft can take 
off with either conventional or nuclear weapons. The destructive effect of the nuclear 
weapons transported aboard a single carrier is sufficient to annihilate dozens of enemy 
naval and other bases simultaneously. 




















































for maximum mobility of all reprisal forces, which has arisen in the 
face of the nuclear rocket threat, puts the aircraft carrier in a more 
favourable position than the fixed air base. In addition, the supersonic 
bombers which will operate from the decks of carriers of the Forrestal 
and Enterprise class are twice as fast as the Boeing B-52s which still 
form the backbone of SAC. And the supersonic fighters which are 
also stationed on these mammoth carriers could likewise be armed 
with nuclear warheads against close-range targets on the enemy’s 
coastlines— provided they found no comparable opponents in the air. 

The Forrestal cost over $230 million to build, and the Enterprise 
nuclear-powered carrier is expected to cost more than $400 million. 
In place of the six ships of the Forrestal class, the Enterprise and 
another planned aircraft carrier with nuclear propulsion (CVA 66) the 
USA could have built several hundred jet bombers or strategic 
missiles; the Pentagon’s decision in favour of the aircraft carrier was, 
however, taken long ago, and this for a very good reason. Each of the 
American “‘super-carriers” can accommodate up to 170 aircraft, any 
one of which could wipe out an entire port, military base or transport 


junction. 
* 


The U.S. Navy classes its aircraft carriers in five categories: 


1 - CVA carrier vessel attack 

2 - CVS carrier vessel support 

3 - AKV cargo ships and aircraft transport 
4 - AVT auxiliary vessel transport 

5 - LPH landing platform helicopters 


Such classifications do not exist in the British and French Navies, 
mainly owing to the smaller numbers of carriers. Here the distinction 
is merely between big and light aircraft carriers and escort vessels. Of 
primary interest in modern naval warfare are the attack carriers 
(category 1), the support carriers (category 2) and, more recently, the 
helicopter carriers. The ASW hunter-killer groups are chiefly dependent 
on carriers of category 2. 

The attack carrier’s main task is to transport large numbers of jet 
combat aircraft armed with nuclear and other special weapons 
rapidly to the vicinity of the targets to be attacked, and to put them 
into operation without delay in highly concentrated attacks against 
enemy naval bases and formations and other strategic targets. 


The support carriers are the expression of a formula proven during 
the Korean War, where aircraft operating from carriers successfully 
intervened in support of ground troops, showing themselves more 
effective than land-based tactical bomber units. Troop landings on 
foreign coasts, aerial artillery support for hardpressed troops, and not 
least of all systematic action against the enemy beneath the seas, 
are among the main tasks of older aircraft carriers, such as the Essex 
class, which have been modernized by drastic conversions. 

The use of older and smaller aircraft carriers as aircraft transports 
and supply vessels is no more a new idea than the adaptation of older 
ships as helicopter landing platforms. The USA alone possesses 
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several dozen of these ships (Commencement Bay class, Casablanca 
class, Card class etc.), which can be called upon to perform a variety 
of tasks during landing and escort operations. Another point of 
interest is the development of a special type of helicopter carrier for 
about 45 helicopters, which the USA has ordered for the Marine 
Corps. The three ships of the /wojima class approved or on the stocks 
(18,000 tons full load displacement, speed approx. 23 knots, comple- 
ment 1,000) belong to this category. 


* 


In latter years the aircraft carrier has been transformed out of all 
recognition: angled deck, capacious aircraft lifts, fast steam catapults 
for aircraft with all-up weights of over 40 tons, deck aids of all kinds 
for uninterrupted day- and night-time operations with take-offs and 
landings at intervals of 15 seconds or less, new arrester devices and, 
last but not least, radically improved equipment for the control of 
operations. 

Inevitably, the most recent U.S. carriers have assumed dimensions 
which would have been considered impossible twenty years ago. 
Considerable advances have been made in shipbuilding in general: the 
hull and superstructures can now be of lighter construction than 
hitherto, and the heavily armoured aircraft carriers of World War II 
are a thing of the past. Nevertheless, it was not possible to avoid 
substantial increases in weight. On the one hand, the countless new 
aids to flight operations on deck and the more complex weapons and 
aircraft control systems meant an increase in the weight of the ship; 
on the other, the proposed use of Mach 2 fighters and bombers 
required a considerable extension and reinforcement of the flight deck 

this despite all technical refinements—so that the nuclear-powered 
Enterprise, for instance, with a deck 1,112 ft long, has a full load 
displacement of 100,000 tons, three times that of the largest aircraft 
carrier at the outbreak of World War II. Admittedly, increased 
displacement means improved seaworthiness, and the pilot of a 
Mach 2 aircraft, with only 300 ft or so in which to land, will undoubtedly 
prefer to land on a stable flight deck rather than on a pitching and 
tossing ship. The size of the vessel must, however, not grow into the 
infinite, for—budgetary considerations apart—rising tonnage is 
accomplished by a reduction in manoeuvrability and flexibility and an 
increase in vulnerability, so that the 100,000 tons displacement of the 
Enterprise must, for the time being at any rate, be considered as the 
limit. 

Interavia has often reported on the advantages of the angled deck, 
steam catapult and optical landing aids, most recently in issue 
No. 8/1956. The advantage of the angled deck is that aircraft can take 
off and land simultaneously without hindering each other’s move- 
ments, and it is even possible to keep a certain number of aircraft in 
operational readiness between the angled landing deck aft and the 
forward take-off deck. To reduce the interval between take-offs and 
landings there must be not only special devices on deck, but also new 
electronic systems for the surveillance and control of all flights. For 
the landing phase, the Bell Automatic Carrier Landing System is of 


To transport aircraft from the hangar to the flight deck the U.S. Navy favours deck-side 
lifts. Above, the relatively small lift on an older American aircraft carrier of the Essex 
class, with a McDonnell F3H-2N fighter. Below, one of the four 65 x 65 ft deck-edge 
lifts in the carrier Forrestal, seen carrying a Chance-Vought F7U fighter. 
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HMS Ark Royal, the Royal Navy’s 
biggest aircraft carrier, can take up 
to 110 aircraft. This aerial view 
shows 35 aircraft lined up on deck 
with folded wings. 
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USA 


Principal classes of aircraft carrier 








Enterprise 





Forrestal 


Iwojima 


France 











Clemenceau 


Jeanne d'Arc 













Ark Royal 





Victorious 





Centaur 











Siesince- Max. 
anv Overall | flight aw Aircraft?) 
Name length | deck ? Fixed wing/ Remarks 
(full load) : (kts) ; 
(ft) width helicopters 
(tons) 
(ft) 
Argentina 
Independencia 19,000 696 112 25 35 / 0 Purchased from Britain in 1958; 7.5° an- 
(ex-Warrior) gled deck; one catapult 
Australia 
Melbourne 
(ex-Majestic) 19,000 700 112 24.5 35 / 0 5.5° angled deck; one steam catapult 
Sydney(ex- Terrible) 
Brazil 
Minas Gerais 18,000 696 112 25 3 / O Purchased from Britain in 1957; 
(ex-Vengeance) one catapult 
Canada 
Bonaventure 20,000 696 112 24.5 35 / 0 7.5° angled deck; one steam catapult 
(ex-Powerful) 
France 
Not yet named 30,000 — — 32 Not known Planned: 
— 27,300 848 152 32 60 | ? 8° angled deck; two steam catapults; 
La Fayette Foch under construction 
(ex-Langley) 
Bois Belleau 15,500 610 106 32 26 / 0 Two catapults 
(ex-Belleau Wood) 
Pep os ane 18,000 692 118 25 40 / 0 5° angled deck; one catapult 
(ex-Colossus) 
Dixmude (ex-Biter) 16,000 492 85 16 30 / 0 Aircraft transport only 
Jeanne d’Arc 12,000 597 72 26.5 Oo / 12 Hetioapter carrier/training shin; on the 
stocks 
Great Britain 
Ark Royal 53,500 807 112 31.5 | 85-110 / 4 Ark Royal with 5.5° angled deck; both 
Eagle with two steam catapults 
Victorious 37,000 737 141 30 65 / 4 8.7° angled deck; steam catapults 
Hermes 30,000 745 131 28 45 / 2 8.5° angled deck; two steam catapults 
Centaur 27,000 738 121 29.5 40 / 2 7.5° angled deck; two catapults; Bulwark 
an ana converted to helicopter carrier 
ulwar 
Magnificent 19,500 696 112 24.5 34 / 0 One catapult; three further ships of this 
class have —_ _ up, but may be 
recommissioned for special purposes 
India 
Vihrant 19,000 696 112 24.5 35 / 0 Purchased from Britain; two catapults 
(ex-Hercules) 
Netherlands 
Karel Doorman 19,800 699 125 24.5 35 / 0 Angled deck; two catapults 
(ex-Venerable) 
USA 
CVA 66 90,000 1,046 130 36 Not known Planned; nuclear propulsion; Terrier anti- 
approx. aircraft rockets 
i 100,000 1,112 253 36 Not known nder construction; nuclear propulsion 
Enterprise k ; Und tructi | Isi 
approx. with boy aang a 
power 360, -p.; 4 twin launchers for 
Terrier anti-aircraft rockets ; 
Conotslietion 79,000 1,046 253 35 |120-170/ 5 pg BR... BR catapults; Terrier 
itty Haw = : 
} obese 78,800 1,046 253 35 120-170 / 5 “—- ooo np catapults; engine power 
anger ‘ .p. 
Independence ‘ 
Forrestal 76,000 1,040 253 34 120-170 / 5 ro coon fp ncn ny | power 
Midway 
F. D. Roosevelt 62,000 974 180 33 90-130 / 0 Three steam catapults 
Coral Sea 
Lexington class 42,500 889 194 33 65-100 / 0 8° angled deck; two steam catapults. Six 
further ohipe Rv otnae: rs 
Hancock, iconderoga, angri La, 
Bon Homme Richard, Oriskany 
Essex class 42,500 889 194 33 65-100 / 0 8° angled deck; two hydraulic catapults. 
Six further ships in this class: York- 
port yee. Seg yey 
olph, Kearsage; also Lake 
without angled deck. 
Antietam 38,000 889 154 33 60 / 0 Training ship; angled deck; two catapults 
Boxer class 38,000 889 131 33 50 / 0 Five further ships of this class: Tarawa, 
Princeton, Leyte, Philippine Sea, Valley 
Forge; Bunker Hill and Franklin are sim- 
ilar. Some ships i rtm pe Posen 
ter carriers (50 helicopters) and aircra 
transports 
Soper 18,700 682 118 33 50 / 0 Two catapults; ASW purposes only 
right 
Bataan class 15,200 623 105 33 40 / 0 Further ships of this class: Cowpens, 
Monterey, Cabot, San Jacinto. Some of 
these vessels have peas converted 
ASW and carry only 26 aircraft. Tw 
Iwojima catapults. — , 
LPH 3 18,000 600 105 25 0 / 45 He icopter carriers for U.S. Marine Corps; 
LPH 7 approx. on the stocks or approved 
Commencement 24,000 558 95 19 30 or 30 | Aircraft transport; a further 18 ships be- 
Bay class long to this class. : 
Bougainville 12,000 512 89 19 30 or 30 Casablanca class; twelve further ships in 
this class; ya ne! Bay ee 
converted to a helicopter carrier tor 
helicopters 
Card class 14,000 495 89 16 30 or 30 One catapult; further ships in this class: 

















') Full load displacement is the weight of the fully-equipped ship with water in its boilers, reserve water and fuel, 
indicated in long tons. 





Core, Croatan, Breton 


2) The number of aircraft varies according to type, and the fixed wing/helicopter ratio according to the nature of the 
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particular interest (cf. Interavia No. 4/1959, p. 377); this transmits 
control commands to the autopilot of the landing aircraft, so that the 
pilot can land safely if wounded or after a long and tiring flight. 

A new feature of aircraft carriers is the missile for defence against 
aerial attack. Whereas until recently carriers of all categories were 
equipped with anti-aircraft guns of a variety of calibres (Forrestal 
8x5 in.; Midway 105 in. and 22 x3 in.), the latest vessels will have 
only rockets. The USS Enterprise, for instance, will have four twin 
launchers for the Terrier, and the British carrier Victorious, too, is 
shortly expected to get Seaslug rockets. Unlike the American carriers, 
the British vessels are still armed with 40 mm cannon; the British 
carrier Eagle has no less than fifty-eight 40 mm cannon in addition to 
its sixteen 4.5 in. anti-aircraft guns. These light cannon may also 
possibly be replaced by rockets. 

The enormity of the tasks facing shipbuilding engineers, the 
designers of carrier-borne aircraft, and finally crews can be readily 
appreciated when it is considered that the speeds of carrier-borne 
aircraft have increased tenfold over the past 20 years, the take-off 
weights of the largest carrier-borne aircraft have increased more than 
tenfold, that take-off distances have been cut to between 200 and 
350 feet thanks to the steam catapult and landing roll reduced by half 
by the use of better arrester gear. 

As for the future, it is true that the nuclear-powered submarine with 
its IRBMs can creep up to enemy coastal targets more stealthily than 
the giant aircraft carrier with its imposing fleet of escort vessels. But it 
will still often be necessary to make high-precision attacks on a large 
number of point targets, and to carry out sorties which cannot be 
entrusted to purely automatic weapons but require monitoring and 
intelligent decisions throughout their duration. 

For defence against the enemy submarine threat, the carrier and its 
aircraft will play an increasingly significant role. For even if concentra- 
tions of enemy submarines are detected by long-range underwater 
warning systems in time for action to be taken, these submarines must 
still be destroyed. The older aircraft carriers will still be able to 
perform valuable service in landing operations or for evacuating 
troops. 

Nothing is so far known of the existence of Russian aircraft carriers. 
There have in recent years been repeated rumours that carriers were 
under construction, but these have as yet remained unconfirmed by 
either the USSR or the West. As, moreover, the Russians so far lack 


| Naval aviation 


Drawings of the nuclear-powered super carrier USS Enterprise, which was 
launched last month. The deck plan shows the shape of the 1,100-ft flight 
deck, the emplacement of the four lifts (light grey) and the four steam 
catapults. 


experience of building carriers and above all experience of catapult 
launchings or deck landings with high-performance jet aircraft, a 
Soviet carrier construction programme would come too late to be 
effective. Why the Soviet Union decided to dispense with these vessels 
right from the start remains a mystery which will keep military 
historians occupied even after the inevitable demise of this much- 
discussed category of ship. 

One thing remains certain: current Western strategy would assume 
an entirely different aspect and would have to take account of a 
completely new set of factors, if the Soviet Union were to have at its 
command in the Pacific and the North Atlantic a carrier fleet 
comparable to that of the West. + 


The USS Essex is refuelled at sea from a tanker of the 6th Fleet. The three escort destroyers also refuel on the high seas, so that the carrier force can operate autonomously for 
several months. For its aircraft alone, a carrier of the Essex class can require several hundred tons of fuel per day. 














MILITARY AFFAIRS 


The Italian Government has reportedly arrived at a 
decision to purchase an initial batch of 50 Lockheed 
F-104Gs, with a later increase up to a possible final 
total of 300. If a firm Italian order materializes, Fiat 
will probably cooperate with the West German 
Southern Group (Messerschmitt, Heinkel, Dornier 
and Siebel) on production. 

Unconfirmed reports from Germany indicate that 
competition for the F-104G simulator orders has been 
resolved with the contract going to Canadian Aviation 
Electronics. Orders will probably be placed with the 
Canadian company by Germany, Holland, Belgium 
and Italy. 


The Swedish Air Force Materiel Procurement Depart- 
ment has asked for authorization to award contracts 
to the value of 740 million Swedish crowns (approx. 
$142 million). Out of this sum, 180 million crowns 
have been allocated for the development and pro- 
curement of aircraft, 105 million for the development 
and procurement of jet engines, 283 million for the 
purchase of accessories and the modernization of the 
air defences, 82 million for ammunition and airborne 
rockets, and 60 million for the purchase of air-to- 
surface missiles. 


The Federal German Ministry of Defence is planning 
to procure a large number of helicopters for different 
uses for all three armed forces. Weser Flugzeugbau 
GmbH, of Bremen, is expected to receive a contract 
for two prototypes of the Weser/Sikorsky W/S-65 
“flying crane.”’ After these have been tested, licence 
manufacture in West Germany is planned. A further 
contract will be for the S-61 or Vertol 107 transport 
helicopter. If the S-61 is chosen, it will also be built 
by Weser Flugzeugbau, with production beginning in 
about 1963. At~the same time, the West German 
Army Air Corps ‘is carrying out operational testing 
of a Vertol 44-B equipped with floats. 


A central Targeting Agency, to centralize the 
assignment of targets to units of SAC, the Navy, 
ICBMs and Polaris IRBMs, is being established 
under the command of General Thomas S. Power, 
head of Strategic Air Command. The agency will 
comprise forty officers from all defence branches, 
who will have until December Ist this year to work 
out a preliminary plan for the allocation of targets 
to be attacked with nuclear weapons should reprisals 
become necessary. 


A new Polaris-armed submarine is expected to be 
added to the operational fleet every three or four 
months until 45 are in service, says Rear Admiral 
Jack P. Monroe, Commander of the U.S. Navy’s 
Pacific Missile Range at Point Mugu, California. 
U.S. security agencies estimate that the Russians have 
already commissioned 400 submarines, some of 
which may be modified to serve as underwater 
launching platforms. 


The Australian Army has bought eleven Bell three-seat 
Model 47G-2 helicopters for training and operational 
support of its field force. The helicopters will have 
dual controls, rotor brakes, night-flying equipment, 
radio, flotation landing gear, cargo carriers and 
medical evacuation kits. They will be shipped to 
Australia later this year. 


AIR TRANSPORTATION 


A trans-Atlantic excursion fare of $300 to $325 return, 
to be applicable all the year round, is requested in a 
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What's in the Air? 


Werner Sell, head of Sell- 
Haus- und _ Kiichentechnik, 
well-known West German 
manufacturers of equipment 
for aircraft galleys, celebrated 
his 60th birthday on Septem- 
ber Ist, 1960. Mr. Sell was 
formerly (1929— 1933) head 
of the Junkers export depart- 
ment for Africa, Asia and 
Australia. 


Heinz Gartmann, well-known 
German rocket expert, died in 
Stockholm on August 18th, 
while attending the Inter- 
national Astronautical Feder- 
ation Congress. Gartmann, 
who was 43, was one of the 
founders of IAF and was an 
internationally known writer 
in the rocket field. 








report filed with the CAB by the American Society 
of Travel Agents. Present economy fare New York 
London is approximately $462, and the new IATA 
17-day excursion fare of $320 ($350 by jet), due to 
come into force this winter, will apply only between 
Octoberand March. ASTA believes that the limitations 
on the new rate are not in the public interest. 


Ghana Airways has ordered four Ilyushin I-18 turbo- 
prop transports from the Soviet Union for use on the 
African and intercontinental services. No price has 
been quoted, but it is believed that the Russian 
interest in breaking into the African market has 
permitted Ghana to acquire the aircraft very cheaply. 
The move raises certain problems in that Ghana 
normally accepts British Certificate of Airworthiness 
requirements. If British type certificates are in fact 
required, the implication is that the Soviet Union will 
have to permit inspection of production, submit full 
design, stress and structure analyses of the aircraft, 
and make aircraft available for test flying. 


Air-India International announces that it is well satis- 
fied with the results of its first trans-Atlantic season. 
June load factors, for example, averaged better than 90 
percent. Delivery of a fourth Conway-equipped Boeing 
707 (the last at present on order) is expected early in 
1961, and the carrier is drawing up preliminary plans 
for increased frequency on the North Atlantic route 
next year. Present schedules are for three flights per 
week. 


General Paul Stehlin, Chief of Staff of the French Air Force 
(left), takes leave of General Max Gelée, who has retired 
after 35 years’ service with the Air Force. A former Chief of 
Staff, General Gelée last acted as permant French member 
of the NATO Standing Group in Washington. 





Official drawing of the North American Aviation B-70 Valkyrie six-jet supersonic bomber at take-off. The U.S. Air 
Force states that the bomber will be able to operate from the same runways as those at present used by Strategic Air 


Command's Boeing B-52s. 
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Eagle Airways, of London, has changed its name to 
Cunard Eagle Airways Ltd., and similar changes are 
imminent for Eagle Airways (Bermuda) Ltd. and 
Eagle Airways (Bahamas) Ltd. The three operating 
companies are controlled by Cunard Eagle Airways 
(Holding) Ltd. 


The Flying Tiger Line has inaugurated direct eastbound 
transcontinental all-cargo service with Lockheed 
1049H Super Constellations from San Francisco to 
New York International Airport. Frequency is six 
nights a week, permitting overnight shipping and 
same-day delivery in New York. The new flights 
supplement Flying Tiger’s other services to its main 
East Coast terminal at Newark Airport, New Jersey. 

In early 1961 Flying Tiger plans to inaugurate daily 
services from the Pacific Northwest (Portland and 
Seattle) to East Coast centres such as New York and 
Boston, with its new fleet of ten Canadair CL-44 
freighters now on order. 


Rome’s Fiumicino (Leonardo da Vinci) Airport was 
officially handed over to the Minister of Defence on 
August 20th, date on which it was opened for charter 
operations and official missions in connection with 
the Olympic Games. The transfer of operations by 
scheduled (i.e. IATA) carriers is envisaged for 
November, with the introduction of the winter time- 
tables. For the time being, the new airport will be 
operated by the Defence Ministry’s Directorate of 
Civil Aviation, though other arrangements may be 
made for the future. It is also planned to build a 
heliport in the city centre, about 300 yards from the 
main railway station (and air terminal), to provide 
helicopter connections with Leonardo da Vinci. 


INDUSTRY 


France’s Nord-Aviation and Sweden’s Saab have 
signed an agreement under which the latter company 
will maintain, repair and possibly manufacture under 
licence certain (unspecified) Nord-Aviation missiles. 


Rotax-Garrett Ltd. is a new company registered in 
London, to design and manufacture various types of 
aircraft and missile equipment. The new subsidiary 
will permit reciprocal manufacturing and sale of the 
two companies’ equipment. 

Breguet, Normalair and Garrett International have 
been negotiating the formation of a new French 
subsidiary, on the subject of which a _ formal 
announcement was expected as these lines went to 
print. The new company will probably be known as 
Breguet-Garrett S.A., with headquarters in Paris. 
Holdings are understood to be split three ways 
between Breguet, Garrett International (Geneva) 
and Westland S.A. (Geneva), the latter being the 
Swiss subsidiary of Westland Aircraft Ltd., parent 
company of Normalair. The French company will 
probably manufacture and market Garrett AiResearch 


















The first swing-tail Canadair CL-44 was rolled out of the assembly shop on August 25th. Flight testing is due to begin in 


mid-October, and scheduled service in 1961. 


products, with technical assistance from the British 
licensee Normalair. 


Boeing Airplane Company’s Industrial Products 
Division and Mitsubishi Heavy Industries (Reorganized) 
Ltd. have signed a letter of intent covering the 
manufacture, sales and service of Boeing gas turbines 
in the Far East; formal negotiations are expected to 
commence before the end of the year. Under the 
agreement, Mitsubishi may become a_ possible 
subcontractor for turbine parts and will also provide 
maintenance, repair and overhaul of Boeing 502 
turbines in Japan. 


Flugzeugentwicklungs A.G. is a new Swiss company 
which has been formed in St.Gallen, in close 
association with the Swiss American Aviation 
Corporation, of Wilmington, Delaware, through 
U.S. industrialist William P. Lear Sr. (now a resident 
of Geneva). The Swiss company will handle 
development of aircraft on behalf of the U.S. associate 
and will represent the latter in the placing of design 
and manufacturing contracts in Europe. The first 
aircraft to be undertaken, the SAAC 23 jet-powered, 
seven-seat executive aircraft with high cruise speed 





Left, the first seven Lockheed F-104F Starfighters delivered to the 
West German Air Force, on show at Nérvenich air base. Right, 
Defence Minister Franz-Josef Strauss greets General Josef Kamm- 
huber on his return from a flight in the Starfighter. 


and medium range, is already in hand in Switzerland. 
Production models will be available by 1963 and will 
be offered at a competitive price on the American 
market. 


Lockheed Missiles and Space Division has received a 
$76.7 million U.S. Air Force contract to develop 
ground-space communications and control systems 
for the Discoverer, Samos and Midas satellite 
programmes (for which the Division is the prime 
contractor). The award follows a letter contract 
under which work has already started. Lockheed will 
build the equipment and man some of _ the 
communications and control stations, as well as 
installing hardware at the Sunnyvale satellite test 
centre. 

Philco Western Development Laboratories, of 
Palo Alto, California, has been named associate 
prime contractor under Lockheed direction. Philco 
will provide tracking antennas and other equipment. 


Douglas Aircraft Company has received a U.S. Air 
Force contract valued at $5.5 million for additional 
production of the nuclear-warhead MB-1 Genie air- 
to-air missile, bringing total awards for this weapon 
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Flight testing of the development prototype for the RAF’s Armstrong Whitworth AW.660 (military version of the Argosy ) 
began on July 28th. The prototype already has the “beaver tail’ planned for the production model. Meanwhile Armstrong 
Whitworth is also working on a VTOL version of the Argosy, in which the two outboard turboprops will be replaced by a 
number of Rolls-Royce lift engines. 


Model and three-view drawing of the Short SC.7 Skyvan 
lightweight multi-purpose aircraft, powered by two 390 h. p. 
Continental GTSIO-520 piston engines. 





























up to $100 million. Genie is currently major armament 

for the Air Defense Command’s Northrop F-89J 

a a i Scorpion, McDonnell F-101B Voodoo and Convair 
2) F-106 Delta Dart. Douglas also has a separate Air 
P ‘ a Force development contract for an MB-1 improvement 
programme, calling for development of a new rocket 
= -- 4 motor; Aerojet-General Corporation is handling this 

under a Douglas subcontract. 


Boeing Airplane Company has established a corporate 
Office of International Operations in Seattle, to 
promote world sales of the company’s products, 
services, research development and technical knowl- 
edge. A regional corporate office is also to be 
established shortly in Paris, and other regional 


























Turbo-starters in production at the Boeing Industrial Products Division for Trans-Canada Air Lines, who has ordered 17 of 
these units for service throughout Canada. 





offices will be set up as required. Existing Boeing 
divisional offices overseas will continue to report to 
their respective divisions and will be maintained in 
their present locations. 


AIRCRAFT, ENGINES AND ACCESSORIES 


The projected Convair Model 60 short-range jet air- 
liner is designed as a replacement for the Convair 240, 
340 and 440. According to reports from U.S. West 
Coast industrial circles, the Model 60—which would 
be in direct competition with the designs of other 
major U.S. manufacturers—could be available for 
delivery about two years from receipt of the first 
order. The unit price at present mentioned is $3.5 
million. The configuration of the Model 60 is strongly 
reminiscent of the Convair 880, although it is designed 
for two engines only (Pratt & Whitney JT3D-10 of 
20,000 Ib thrust each, or General Electric CJ-805-41Cl 
of 22,000 Ib each). Span will be 120 ft, wing area 
2,000 sq.ft., and sweepback at 30 percent chord is 
35°. Further design data are as follows: max. take-off 
weight 145,000 lb, max. landing weight 140,000 Ib, 
max. payload 19,565 lb. Max. cruise speed at 110,000 
Ib weight is 510 knots at 19,500 ft, 500 knots at 30,000 
ft, or 485 knots at 35,000 ft; range with normal pay- 
load more than 1,600 nautical miles. 


The Tupolev Tu-124 airliner, powered by two Soloviev 
turbofan engines, has now gone into production. 
Maximum speed is reported to be 470 to 500 knots, 
and the aircraft has a range of roughly 800 nautical 
miles. Take-off and landing requirements are relatively 
modest with a take-off roll of 2,625 ft and a runway 
length of 5,000 ft (with allowance for the normal 
safety margins). The cabin will accommodate 44 
first-class, 55 to 60 tourist-class, or 68 economy-class 
passengers. 


The SC.7 Skyvan light passenger and freight transport, 
first details of which were announced by the Light 
Aircraft Division of Short Brothers & Harland Ltd. 
about a year ago, is due to fly before the end of 1960. 
The aircraft, which has been built as a private ven- 
ture, is a strut-braced twin-engine high-wing mono- 
plane of all-metal construction with a twin-fin tail 
unit and a fixed tricycle undercarriage (cf. picture and 
three-view drawing). Powerplant consists of two 
Continental GTSIO-520 supercharged engines with 
direct fuel injection; three-blade constant-speed and 
fully-feathering Hartzell propellers are used. Max. 
fuel capacity is 150 Imp. gallons. 


The SC.7 is designed primarily as a light freighter 
(manually operated rear loading door) but can be 
adapted to fill a wide variety of roles in both civil 
and military fields: passenger transport for up to 15 
persons; executive transport; agricultural services; 
vehicle transport; supply dropping; paratrooping 
(12 fully-armed paratroopers can be carried); troop 
transport (up to 15 troops can be carried over a range 
of some 200 miles, 10 troops over 900 miles); air 
ambulance (12 stretchers plus attendant). A trained 
pilot can get the aircraft in or out of a 500-yard field. 


A smaller and less sophisticated ICBM, with equal 
striking power, may follow the Minuteman, according 
to a statement by Boeing officials. Both Air Force and 
Boeing spokesmen say that a more economical 
“third generation” ICBM could be produced in great 
numbers and fired in salvoes, rather than individually. 
The Boeing SM-80 Minuteman, on the other hand, is 
scheduled for service in 1962—63, but test missiles 
are already being evaluated. The three-stage weapon 
is equipped with an inertial guidance system developed 
by Autonetics, weighs some 65,000 to 70,000 lb, and 
should reach targets at distances of at least 6,000 miles. 
Powerplant for the three solid-propellant stages is 
provided by Thiokol (first stage), Aerojet-General 
(second stage) and Hercules Powder (third stage). 


Dunlop Rubber Co. Ltd. has announced a new air- 
cooled brake for aircraft, now fitted to the Comet IVB 
and chosen to equip the DH.121. The main advantage 
of the brake is that it reduces the relatively long turn- 
around time at airports caused by heat build-up in the 
wheels and tyres. Cooling is effected by means of a 
built-in fan, driven by a fractional horsepower electric 
motor located in the axle. Turn-around time after a 
normal fully-braked stop has, the manufacturers 
state, been cut from 100 minutes to 13 minutes. Also, 
the maximum tyre bead temperature due to “soak 
through” via the wheel rims has been reduced to 
55°C, compared with 155°C, and the hydraulic fluid 
temperature cut to 65°C against 178°C without fan. 











































By our standards, 
bicarbonate of soda 


is an abrasive 


To produce the fabulously accurate Inertial 
Guidance Systems that we manufacture (in partnership with Minneapolis Honeywell) we have had to 
build a factory unlike any other you ever saw, and put into it devices of a most unusual kind. 
We do our ‘sand’-blasting with bicarbonate of soda—and our production-line inspectors use equipment 
that other works would be most proud to have in their standards room. 
We reckon we’ve got the most advanced facilities in Europe—but then, we are making the most sensitive 


and accurate instruments in the world. 
If you have a use for a gyroscope that is so nearly perfect that it only precesses 1/20th of a degree 


per hour, and so sensitive that it can find true North, without any outside aid, to within a few minutes 


‘ENGLISH ELECTRIC’ 
INERTIAL GUIDANCE 


of arc, or if you have a problem involving similar 


orders of precision—you should come and talk to us. 


INSTRUMENT WING ~ GUIDED WEAPONS DIVISION «+ ENGLISH ELECTRIC AVIATION LIMITED + STEVENAGE 
Member Company of British Aircraft Corporation 
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STC 


For many years STC has been continuously engaged in the 
development and production of aircraft radio aerial installations 
for all types of civil and military aircraft. 

STC Aircraft Aerial Department uses accurate scale models of 
aircraft to plot polar diagrams quickly and accurately without 
the necessity for tests on full-sized aircraft. The results obtained 
enable aircraft designers to plan the radio installation early in 


the development of new aircraft. 





STC supply off-the-shelf aerials, design special types, and advise 


on aerials and siting backed by their wide experience on aircraft 


A | | a; | RA such as the Comet IV, the Viscount and the Britannia. Aircraft 


now under development, including the DH121, the AW660 and the 


A El 4 | A LS Britannic, may carry up to 25 STC-designed aerials. 


for 








V.H.F. I.L.S. V.O.R. U.H.F./D.M.E. L-BAND 





















Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 





SPECIAL 
SYSTEMS 
Group 


ASSOCIATE 
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RADIO SYSTEMS DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE « LONDON N.II 








ALL WE CAN 
OFFER THE 
AIR CARGO 


INDUSTRY IS A 


PRACTICAL WAY J 
TO MAKE MONEY 


CANADAIR CAN PROVE TO YOU THAT: 


YOUR piston powered passenger carrying aircraft 
now rendered obsolete by new equipment, and 
being considered for use in cargo operations, or 
already actually converted can be completely 
removed from fleet inventory and written down to 
zero book value in three years; 


ONE THIRD the number of Canadair Forty Fours 
will carry out your cargo requirements at such a 
profit that they will absorb all expenses incurred 
in the retirement transaction, plus any earnings 
your piston engine aircraft would have realized 
during these three years; 


AFTER THESE THREE YEARS, the Forty Four operat- 
ing profit curve will climb steeply. The difference 
in profit potential for the following years is sub- 
stantial. 





Any consideration of a specific example requires certain 
assumptions regarding scheduling, future rates, and load 
factors, but, under a representative set of conditions 
our analysis indicates: —that a fleet of 25 piston powered 
aircraft currently being converted into cargo carriers, 
could be replaced and retired by a fleet of 8 Forty 
Fours. The above assumptions and statements are 
based on the unlikely premise that cargo rates will 
remain at present levels. If they are reduced, as seems 
inevitable, the situation will favor the Forty Four even 
more strongly. 


THE FORTY FOUR. The Canadair Forty Four, 
with its combination of low direct operating costs, high 
block speeds and large payload capacity, is the world’s 
most economical cargo aircraft. Delivery schedules can 
be arranged to introduce the Forty Four into airline 
service fourteen months from contract agreement. 


CANADAIP iumiteo, montreat, cananian sussionryor GENERAL DYNAMICS 


Please address enquiries to European Representative: John Winterburgh, Canadair Ltd., Princes House, 190 Piccadilly, 
London W. 1, England 
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condary Surveillance 
Radar System for 
Air Traffic Control. 


The ATC Airborne 
Secondary Radar 
Transponder SSR 1251. 
Designed to meet I.C.A.O. 
and ARINC requirements 
including those for 
sidelobe suppression. 


The C.R.D. 23 ATC 
Radar Display 
System, An 
advanced equipment 
with full interscan 
facilities for the 
P.P.I. presentation 
of air traffic control 
information. 








The Meteorological 
Radar Type 353. A 
high-performance 
search and 
tracking radar for 
the determination 
of wind velocities. 


Interrogator-Responsor 
Aerial, Part of the ground 
equipment of the Cossor 




























Gee Mk 111 Airborne Navigational 
Equipment. The Airborne component 
of a highly accurate pulse-operated 
hyperbolic navigation system. 


















CR90 


eye on the sky 


Alive to the ever growing need for radar in Air Traffic Control, Cossor are leaders 
in both Primary and Secondary surveillance radar. With skilled engineers and 
technicians and an overall pioneering spirit, they are contributing a great deal 
to the well-being of the air world with ground and airborne radar equipment, 
designed and developed to give the highest standards of performance and relia- 
bility. At sixteen major airports throughout the world, the Cossor 10cm Primary 
Radar system is in use and the new BOAC Boeing 707 airliner carries the Cossor 
transponder SSR 1251 as standard equipment. A ‘‘ weather eye’’ is kept open with 
the latest meteorological radar. Hight 
windfinding radars will soon be delivered 
for use in New Zealand and the Pacific 
Islands. Six to the New Zealand Govern- 





The CR 787 S-Band 
Airfield Control 










Radar. A high- ment and two to the Southern Pacific Air 
performance pri- . 

mary radar with Transport Council. The Radar needs of 
MTI and circular 





this demanding air-age are being met by 
Cossor Radar, playing their part in the 
control of world air traffic lanes. 


COSSOR 


RADAR AND ELECTRONICS LIMITED 


ELIZABETH WAY - HARLOW - ESSEX - TEL. HARLOW 26862 


polarisation. 
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SUD AVIATION 
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Sitting pretty... 
withth 




















he Clean-wing Jets 


In years to come, will you look back in anger 
because your jets are outmoded? Or will you 
be sitting pretty with the 

world’s most advanced 





long range airliners — the 
Vickers Clean-wing jets ? 
Compared with older equipment, 
the VC10 and Super VC10 are as 
big a step forward as the first jetliners were 
in their day. They have the speed, comfort, 
quietness and looks to win the next genera- 


tion of passengers, plus advanced airfield 









SUPER VC1O 
FACTS FOR THE OPERATOR 


* Over 4,000 mile range with full payload 





* ° 
Gp fe 48 papnengere performance and other technical features for 
Se fitabl tion. With the VC10, high 
* 600 m.p.h. profitable operation. i e , hig 
* Clean-wing, advanced airfield speed airline services can be operated be- 
performance : ; : . 
i 
© Rearmounted Rolfe-Royoe Conway tween places previously ‘out of bounds’ to big 
ongmee jet transport. 
* Low noise factor, internally and externally 
Cees Cae aw Face future competition in advance by plan- 


* Developments of the Super VC70, giving 
even /onger range and bigger capacity, 
are now in hand 


VICKERS 


VEUGO + Supe (VELO 


FOUR REAR-MOUNTED ROLLS-ROYCE CONWAY BY-PASS TURBOJETS 


ning with the VC10 and Super VC10 now. 





VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY 


Member Company of BRITISH AIRCRAFT CORPORATION 
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JAYCOPT 


4 


JAYCOPTER reduces training costs dramatically 


JAYCOPTER is the safest, quickest method of-helicopter training available anywhere in the world 


PRESENTING 


“JAYCOP 


SENSATIONAL 
- HELICOPTER 
TRAINER 






A truly “free-to-air”, highly maneuverable 
training vehicle, the JAYCOPTER FLIGHT 
SIMULATOR has all the “feel” of the 


actual helicopter. Controls, instrument panel, 





seats, and even the “whop” of the 






rotor are authentic. Motive power is 


A electricity; cabin is quiet, permitting 
instructional conversation in normal 
voice. JAYCOPTER will enable you to 








produce a large number of qualified 


pilots faster and less expensively 


f without risk of personnel injury 
N X/ or helicopter damage. 2 
Free Brochure— Sp 
Write or cable today m 
for complete details | Gee 
about the . 
JAYCOPTER. 











































WHaAl 
HAPPENS 





Quite a lot these days, and more |= AIRCRAFT ENGINEERING DIVISION 

Responsible for numerous airline maintenance contracts for operators in all parts of 
the world. Its activities include manufacture and provision of spares, modifications, 
repair schemes, crash reclamation, major overhauls, and the provision of on-site 
Limited who have a nation-wide network working parties at home or abroad. With an uninterrupted history of over 25 years on 
military work, it has extensive contracts on aircraft for the British Government and 
many foreign Governments. 

DESIGN ORGANISATION 

This fully-approved unit handles design, drawing, and experimental flight testing for many 
—and have been doing so since 1928. U.K. aircraft manufacturers. It covers all aspects of structural and associated work and 
The entire industry is their customer: has particular experience in Electronics, Radio, and Instrumentation. 


all the time. Today Hurn Airport is the 


headquarters of Airwork Services 


of branches. A specialist technical 
organisation, they offer an unrivalled service 


to meet all the varied demands of aviation 


the manufacturers and the operators, | RADIO DIVISION 

Supplies all types of radio and navigational equipment and acts as a 

‘ eats ; consultant on all communication problems. Also undertakes installation, 
of the main activities carried on overhaul, maintenance, and modification work on airborne equipment 
by Airwork Services at HURN: and airfield communication systems. 


AIRWORK SERVICES LIMITED 


35, PICCADILLY, w.1 Tel: REGent 8494 and Bournemouth (HuRN) Airport, Hampshire - Tel : cHRristchurch 2732. 


both civil and military. Here are some 





ORD-AVIATIO 





Manufacturers of SS.10 & SS.11 anti-tank missiles 


CHATILLON - s/s - BAGNEUX (Seine) 
2 a 18, RUE BERANGER - Tel. ALE. 57-40 


























PIPER 





















FAST... Aztec’s jet- 
type “flying tail” adds 
speed, stability. 


ROOMY... Five ride in roomy 
luxury, with ample allowance for 
baggage. 


AMTEC 









New 215 mph (346 kph) Twin-Engine Transport 


The Piper Aztec, newest, largest, fastest aircraft to join the Piper fleet, is an over- 
200-mph (320-kph) twin powered by two 250 hp Lycoming engines. 

The Aztec carries a useful load of over one ton (over 900 kgs) ... takes off in less 
space, lands in less space and has a higher single-engine ceiling than any 

other twin-engine airplane in its class carrying a similar payload. 

With full 144-gallon (544-litre) standard fuel, five 170-pound (77-kg.) 


passengers, full radio and instrumentation for instrument flight, 


the Aztec cruises 205 mph (330 kph) at 7,000 feet 


(2,100 metres) (75% power) 


and has range of over five hours. 


Piper production efficiency permits the Aztec, fully equipped, 


to be priced well below any other twin in its class. 








; 2 | Engines (2) Lycoming 0-540 

| Horsepower and RPM __250 at 2575 

Gross Weight (Ibs) 4800 

Empty Weight (Ibs) 2775 

Useful Load (Ibs) 2025 

Top Speed (mph) 215 

Cruising Speed (at 7000 ft)-205 mph 

i Stalling Speed (mph) 62 

Rate of Climb (fpm) 1650 

EFFICIENT... Piper Aztec has highest Service Ceiling (ft) 22,500 

single-engine ceiling of any plane in its class Absolute Ceiling (ft) 23,750 

carrying similar payload. Fuel Consumption (gph) 28 
Max. Range with 

Standard Fuel (miles) 1,400 





AZTEC SPECIFICATIONS 


(at 2134 met)-330 kph 


(kgs) 2177 
(kgs) 1259 
(kgs) 918 
(kph) 346 


(kph) 100 
(mpm) 503 
(met) 6,858 
(met) 7,239 
(Iph) 106 


(km) 2,253 








A PIPER PLANE FOR 






TRI-PACER.  CaARris- 
BEAN lowest cost, easiest- 
to-fly, four-place aircraft. 


COMANCHE. §Record- 
holder for efficiency and relia- 
bility. With 180 or 250 horse- 
power. 


APACHE. Four or five 
passenger twin, cruises 171 
mph (275 kph). Most econo- 
mical to buy and fly. 














SUPER CUB.  wWorld- 
famous utility plane, with 
short, rough field, high alti- 
tude capability. 













PIPER 


AIRCRAFT CORPORATION 
Lock Haven, Pennsylvania, U.S.A. 


EVERY PURPOSE 





PAWNEE. New agricul- 


tural plane for efficient 
dispersal of dust or spray. 








MORE 
LEADING 
WORLD AIRLINES 
HAVE ORDERED 
MORE 
JETLINERS 
FROM BOEING 
THAN FROM 
ANY OTHER 
MANUFACTURER 








Total to date: 


240 


Up to October 1, Boeing had rolled out 172 jetliners, and delivered 162. 
In service, Boeing jetliners have flown 357000 hours, and have carried more 
than 9000000 passengers... a record unequalled by any other jetliner. 


BOEING F007 quad FO 


These airlines now offer Boeing jetliner service: AIR FRANCE - AIR-INDIA » AMERICAN : B.0O.A.C. - BRANIFF - CONTINENTAL - LUFTHANSA 
PAN AMERICAN - QANTAS - SABENA - SOUTH AFRICAN - TWA - UNITED - VARIG and WESTERN. Boeing jetliners will go into service later 
with: AVIANCA - CUBANA - EASTERN - EL AL -« ETHIOPIAN and IRISH; NORTHEAST and PAKISTAN operate Boeing jetliners under lease. 
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Sales 
and Service 


Offices: 


HONEYWELL G.m.b.H., 


AUSTRIA 
Vienna 
Innsbruck 


HONEYWELL S.A., 
BELGIUM 

Brussels 

Antwerp 

Bruges 

Charleroi 

Ghent 

Liege 

Luxembourg 


HONEYWELL A/S, 
DENMARK 

Copenhagen 

Aarhus 


HONEYWELL S.A.R.L., 


FRANCE 
Paris 


HONEYWELL G.m.b.H., 


GERMANY 
Frankfurt 
Bad Godesberg 
Berlin 
Diisseldorf 
Hamburg 
Hanover 
Miinchen 
Stuttgart 


HONEYWELL 
CONTROLS LTD., 
UNITED KINGDOM 

London 

Belfast 

Birmingham 

Cardiff 

Dublin 

Glasgow 

Leeds 

Manchester 

Middlesbrough 

Sheffield 


HONEYWELL N.V., 
NETHERLANDS 

Amsterdam 

Hengelo 

Rotterdam 


HONEYWELL A.B., 
SWEDEN 

Stockholm 

Falun 

Goteborg 

Karlstad 

Linkoping 

Malmo 

Skelleftea 

Sundsvall 


HONEYWELL A.G., 
SWITZERLAND 

Zurich 

Geneva 

Basel 











AFCS 








TOM 





MSLS 


HONEYWELL 
MEETS JET AGE 

WITH NEW TRANSISTOR 
INSTRUMENT LINE 


FQG Fully transistorized Fuel Quantity Gaging Systems, light 
weight Tank Unit Probes for all applications. Characterized for linear 
dial presentations. Automatic Fuel cycling, refueling and center of 
gravity control. 


TLS Light weight, reliable Thermister Level Sensing Systems for 
fuel sequencing and low fuel level warning. 


CLS _ Capacitance Level Sensing System for automatic fuel con- 
trol, oil level sensing and propellant loading. Applicable to most 
liquids and cryogenic fuels. 


EGT Fully transistorized Exhaust Gas Temperature Indicating 
System. One half of one percent accuracy. Over-temperature warn- 
ing, time/temperature recording and integrating. 


TEMP Fully transistorized Temperature Indicating System for 
operation with standard AN resistance bulbs. Cabin air temperature, 
engine inlet temperature, cylinder head temperature, oil tempera- 
ture. 


LOX Fully transistorized Liquid Oxygen Indicating System and 
light weight characterized probes. Applicable to many cryogenic 
liquids. 


EPR Engine Pressure Ratio for accurate jet engine thrust control 
and cruise control. Similar pressure devices for altitude and Mach 
control. 


AFCS Honeywell offers a number of Automatic Flight Control 
Systems for multi-mode military applications plus less complex sys- 
tems for other military and commercial uses. These systems include 
both linear and adaptive types for both aircraft and missiles. 


GYRO Honeywell offers the world’s most complete line of floated 
and non-floated gyros and accelerometers. Applications range from 
low cost air-to-air missiles, through aircraft controls, to the most 
precise space requirements. 


TOM Automatic Take Off Monitor Systems to insure safe aircraft 
operation during critical take off phase of flight. Provides warning of 
deficient aircraft performance in time to insure a safe stop on the 
runway. 


MSLS The Honeywell-Atkins Maximum Safety Light System in- 
sures greatest aircraft conspicuity during day and night flight opera- 
tions. Provides information on direction, attitude and relative range. 


Honeywell 
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BRACKNELL, BERKSHIRE * 


important contributions to the Aircraft Industry... 


Electronic equipment by which the 
‘Bloodhound’ missile tracks and 
intercepts its target. Ground equip- 
ment for missile assembly, test and 
repair. Operational launch control 
equipment. ‘Bloodhound’ is in full 
production for the defence of Britain 
and for the Royal Swedish Air Board. 
It has also been ordered by the 
Australian Government. 


AIRPASS II Radar Fire-Control and 
navigation systems for Interceptor, 
Strike and Dual-purpose Aircraft. 
Now in quantity production for the 
R.A.F. and specified for export ver- 
sions of the Mirage III and Draken. 


EDINBURGH 


Automatic Bombing and Survey Sys- 
tem, Machine Tool Control, Poten- 
tiometers and Transformers. 


Electronic Computers and Data 
Processing Systems for aircraft de- 
sign and commercial applications in 
the aircraft industry; also Seat 
Reservation and Air Traffic Control 
Systems. 


Gyroscopes, Transistorised Control 
Units and Static Electrical Equip- 
ment. 


Silicon Semiconductor Devices for 
flight systems, aero engine controls, 
aircraft power supplies, radar systems, 
guided missiles & aircraft instruments. 


FERRANTI 


FIRST INTO THE FUTURE 


FERRANTI LTD Head Office & Works 
HOLLINWOOD LANCASHIRE 


Factories, Laboratories & Offices at: MOSTON, WYTHENSHAWE, WEST GORTON IN MANCHESTER *‘ OLDHAM, LANCS ' LONDON 
DUNDEE ‘ NEWYORK, U.S.A. 


TORONTO & St. CATHARINES, CANADA 
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Initiative in Europe 


by Air Commodore F. R. Banks 


Initiative, to succeed, demands knowledge, experience and foresight, 
and then the moral strength or “nerve” to go ahead—to initiate, in fact. 


In the political field, Russia continually “jumps” the West bécause she 
dares to take the initiative; and is able to do so because she is dedicated, 
hour-to-hour and day-to-day, to holding her position as a world Power, 
thinking and planning the advance of Communism in the world and not 
easing for one instant the pressure she applies at one point or another. 


Politically, the West has not held the initiative many times, if at all, 
since the end of World War II, principally because it has the understandable 
fear of “brinkmanship” and, with it, the risk of plunging the world into 
the Third War. 


Industrial initiative 


What Russia demonstrates in political initiative is obviously applicable 
to industry as a whole. Initiative is not, of course, anything new, and every 
individual and corporate body (company) has to have it in order to progress. 


The aviation industry, in particular, has shown a high degree of initiative; 
but then it was always an interesting form of work, and as an important 
part of the armaments industry it has existed mainly with Government 
support and adequate funds. In recent years, however, this support has 
been tapering off somewhat steeply, due to the fact that orders for manned 
(military) aircraft are becoming so limited. But complete dependence upon 
Government orders, which was always risky, is not possible, and the 
decisions and policies of today must rest firmly with the industry. 


It should always be appreciated that the end of World War II was the 
end of an (aircraft) era; and since then the aircraft and its equipment, 
whether military or civil, have so vastly increased in complexity and cost 
that sheer cost now prevents, or should prevent, any lighthearted incursion 
into a large variety of new projects. 


The need today is for stark realism; and any firm whose technical policy 
is not crystal clear will continue to drift, alternating between a state of hope 
and hesitancy, and never succeeding in producing anything in worthwhile 
quantity. After all, production is the end point. 


In the case of the aviation engine, it is quite useless to embark upon the 
design and development of a new engine unless there are good production 
prospects (for a specific aircraft, and a promising one at that) which will, 
in profit per unit, repay the £20 million (often more than less) that has 
been spent in getting the engine to the production stage. Too often does 
a firm start a new project without bothering properly to assess its cost or 
the future market; then, when the engine gets some way along in develop- 
ment and all concerned are thoroughly frightened of the rapidly rising 
expenditure, there is a good deal of “looking over the shoulder” and a 
general slowing up. In the ultimate, some millions of pounds can be ex- 
pended to no real purpose. 


The British Goverment, in its wisdom, has now got the industry to 
organize itself into two main aircraft groups with, also, a grouping of the 
helicopter interests. In many ways, this is a good move but, later, when the 
present orders are well in train or near completion, there may be con- 
siderable over-capitalization in men and floor space unless something new, 
attractive and salable is already being thought about, and in a big way. 


There is no question at all in the writer’s mind that the British aircraft 
industry must now have strong financial and technical links with the aviation 
industries of other European countries. In the past, the inclination and 
intention was, apparently, to keep the aviation industry strictly national, 
mainly because it was part of the armaments industry of the countries 
concerned; and when the armaments reprieve came, unfortunately with the 





Korean War, these nationalistic tendencies persisted, principally because 
of “official secrets acts.” 


We, here, could have initiated such an approach to our European friends 
and allies long ago; and the early indications of the remarkable renaissance 
and resurgence of the French aviation industry since World War II should 
have been seen as the opportunity for getting together in the long-term 
and mutual interest. There were, and still are, French aircraft well suited 
to some of our requirements; and this need not have been a one-sided 
affair, since these aircraft had, or could have, British engines. 


While the failure to approach our European friends has made things 
more difficult for ourselves, it is not too late to seek a rapprochement. But 
it is not now sufficient merely for individual firms in each country to cross- 
licence each other for a particular product. There should be a whole- 
hearted link-up between the large groups in this country and similar groups 
in Europe, so that the individual technical and design teams in the various 
grouped firms can, in due course, come to respect each other and work 
in concert, and not always be indulging in “oneupmanship.” 


While Great Britain has so far elected to stay out of the Common 
Market, there is now all the more need for the industry to take the initiative. 


As a corollary to all this, but purely as an expression of personal opinion, 
the present all-British Air Display at Farnborough should become inter- 
national and be held there every second year, in rotation or alternating 
with the (international) French Aviation Salon. Thus, there would still be 
a yearly air display and show in two important European countries—where 
only the best would be shown and the demonstration of out-of-date and 
relatively cbsolete equipment avoided. 


America, which has not so far been mentioned here, already has effective 
links with the European aircraft industry, mainly in the form of licences 
for the production of military aircraft, aviation engines, missiles and 
electronic equipment. But she also has important links in the civil aircraft 
field; and all this is in addition to her large home outlet. 


Should the purely European aviation industry get properly together, 
then eventually it would become much more competitive with America; 
but rather than have cut-throat competition between two large Western 
blocs, it should be possible for Europe to help America in certain research 
and development problems where the cost on this side of the Atlantic 
would be lower than in the States. 


Finally, it is true to say that, once having decided to go ahead on a 
project and with the necessary financing available, there is nowadays 
literally nothing, except time, to prevent it from becoming a success. But 
time is the essence; and the awful uncertainties of the post-war years, 
brought about by national and international political wrestling, have 
caused governments to “blow hot and cold” so rapidly on defence projects 
that the latter often become moribund and are finally cancelled. Also, the 
great technological advances in the past two decades have frequently been 
so far ahead of the practical possibilities that continual re-assessment of 
a project has resulted in the best becoming the enemy of the good. 


In fact, too much trust and authority are, today, being vested in the 
scientist on matters that properly concern the engineer. This is particularly 
the case in government departments, where some scientists are, apparently, 
regarded as demi-gods, giving estimates of time and money on new and 
most advanced projects the engineering of which they are not qualified to 
judge. 

Aviation today, as in the past, should advance only by one step at a 
time; and while the steps may now appear to be somewhat larger, due to 
the advance in aerodynamics and new forms of power, any attempt to 
“go the limit” in available knowledge and engineering capability, i.e., 
beyond practical experience, will defeat itself. oo 
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MUCH MORE ENERGY 
IN THE 
AIR— AND BEYOND 





Bristol Aerojet produce gas storage vessels for maximum energy supply 
with minimum bulk for aircraft and guided missile systems 


Bristol Aerojet have developed a very advanced range of gas conditions. They are made in a very large number of specified 
storage vessels, with an exceptionally high energy/weight ratio, shapes: spherical; cylindrical; annular; and toroidal. 

which operate with great reliability. These vessels are par- Bristol Aerojet pressure vessels show a weight saving of at 
ticularly suitable for aircraft and guided missile systems for least 5 Ib per 500 cu in and as much as 50% when compared 
they pack more energy into less space for less weight than any with forged vessels. 


other type of gas storage vessel. 





Made of chrome molybdenum steel, the vessels are welded 
by the argon shielded tungsten arc process and heat treated Bristol Aerojet pressure vessels have been supplied to many 
to a minimum ultimate tensile strength of 75 tons per sq in. manufacturers of aircraft and guided missiles for a variety of 
All vessels are examined several times, both visually and ND, COE Sole Be Pee 
radiographically, to ensure the highest standards of welding. 
These are only two examples of the many stringent quality 
controls which are performed during manufacture. 


Civil Aircraft Military Aircraft Guided Missiles 
Bristol Britannia Detalls are security restricted 
De Havilland Comet 4 


Vickers Viscount 
rT’ ° ¢ . . 
The vessels, which range from 10 to 2,000-cu-in capacity, Viekere Vanguard 


have been approved for operation under ARB and military 














BRISTOL AEROJET 





If you would like further information about Bristol Aerojet pressure vessels or high-tensile steel welded components, please write to: 
P. W. LAWSON, CIVIL SALES MANAGER, BRISTOL AEROJET LIMITED, BANWELL, WESTON-SUPER-MARE, ENGLAND. TELEPHONE: BANWELL 250 
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From the Duke of Marlborough’s times to 
the age of his illustrious descendant Sir 
Winston Churchill, Britain traditionally based 
her defence policy on the two following 
principles: 

— Britain is an island; 

— Britain is the nerve centre of a vast empire 

on which the sun never sets. 

These led to the formulation of certain 
inalterable rules which ensured the durability 
of British power: 

— Britain must not become integrated into 
the European continent. On the contrary, she 
must adopt a balance of power policy, 
aligning herself not with the strongest State, 
but with the second most powerful; 

— on the other hand, Britain must maintain 
close links with the various parts of the 
Empire, today transformed into the Common- 
wealth. 

Militarily, these rules led the British to 
choose the Navy as their first line of defence 
to guard the coasts of the homeland and the 


* 


iis ‘=. 
yf Britain's Defex 


Farnborough 1960: Second “‘breakaway”’ of the wing men of RAF 111 Squadron. Consisting of 18 Hawker Hunters 
at the beginning of the formation flight, but with only 16 aircraft at the time this photograph was taken, the squadron 
re-formed a few minutes later into two groups of nine to carry out a series of rolls and loops ... landing finally at 
intervals of 8 to 10 seconds. Treble One Squadron is to be equipped with P.1B Lightnings in the course of the next 


few months. 


lines of communication linking the head of 
the polyp with the tips of its many tentacles; 
Britain’s Army was conceived merely as a 
series of small expeditionary forces sent to her 
continental allies to show them that she really 
was on their side, or used to conquer still 
more remote territories in an epoch made 
famous by Empire builders a /a Kipling. 
But those days are over. And, strange as it 
may seem at first glance, the passing of time 
has had a decisive influence even on geo- 
graphy, which one would have imagined to 
be immutable. For the world has grown 
smaller under the influence of new discoveries, 
among which the advent of aviation was 
undoubtedly the most important. Distances 
have lessened, and Britain is today no more 
an island than Denmark or the Peloponnese, 
which are separated from the “continent” by 
the Kiel or Corinth Canals. Moreover, the 
accelerated pace of history and the re-entry 
on the scene of extra-European spheres of 
influence have reduced our continent to a 


mere “*Balkan Peninsula” and also, it must be 
admitted, altered the balance of the relation- 
ship between Britain and the other nations of 
the Commonwealth. 

British military planners and statesmen 
have not been slow to draw the necessary 
conclusions from this new state of affairs, and 
their realism and logical thinking are well 
enough known for us to be certain that their 
heart-searching will have been thoroughly 
done. 

In the first place, since the Battle of Britain 
which saved the free world in 1940 and won 
immortality for the RAF, it is the Air Force 
which has become the nation’s main line of 
defence. The Navy, too, has realized that to 
dominate the seven seas it must also dominate 
the sky above them, and has placed the accent 
on aircraft carriers, which have become the 
capital ships of all modern fleets. Subsequently, 
the advent of the nuclear explosive showed 
that the goal of the armed forces was not to 
“win” a major conflict which would be 


An alerted V-bomber unit takes off in one and a half minutes: Each flight display began with an RAF V-bomber scramble practice, alternately Valiants, Victors (in picture) and Vul- 
cans. The record —counting from the take-off order with engines off until the fourth bomber was airborne—was held by Vulcan Squadron No.617, which took off in 1 minute 27 
seconds; all the scramble times were, however, less than two minutes. 
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English Electric P.1B Lightning in slow flight. Armament: 
two 30 mm cannon plus two DH. Firestreak homing mis- 
siles. 


equally disastrous for victor and vanquished, 
ending in suicide for both alike; the aim is 
now to prevent such a conflict ever breaking 
out. The enemy must be “‘discouraged”’ from 
attacking by an unambiguous demonstration 
that, in doing so, he would risk nothing more 
or less than his very existence. This is the 
policy of the deterrent. 

But the British have gone even further in 
their analysis of the concept of dissuasion. If 
in the hands of very large nations or of two 
blocs of roughly equal power, the deterrent 
force must be capable of knocking out the 
adversary, what form should it take for a 
nation of lesser magnitude? Is it necessary 
for, say, Denmark to possess the wherewithal 
to annihilate the USSR in order to deter the 
latter from attacking her ? Happily, the answer 
is no. If Denmark possesses only ten nuclear 
bombs and the means of despatching them to 
their target, is it likely that the Supreme Soviet 
would consider the advantages to be gained 
by controlling the Belts and entering the 
North Sea without striking a blow, would be 
worth the risk of losing eight major Russian 
cities? The USSR might, at the very least, be 
expected to hesitate. On the other hand, if 


Apart from its Firestreaks (suspended from the aircraft) 
the P.1B can carry a selection of the following: four 
30 mm cannon, a magazine for 48 two-inch rockets 
(shown in foreground) or auxiliary fuel tanks (centre of 
picture). 
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The first Lightning F.1 in squadron service... with RAF 74 Fighter Squadron. Speaking of these fighters, Air Chief 


Marshal Pike stressed that, even in the age of ICBMs and anti-ICBMs, Britain still needed manned fighters to challenge 


all aircraft penetrating unbidden into her territory. 


Denmark had no independent deterrent, the 
Soviet Union might feel that the Atlantic 
alliance would not consider the loss of 
Copenhagen worth a nuclear war, and might 
consequently risk a gamble based on a 
somewhat questionable assessment of the 
enemy’s morale. 

Such an argument justifies the wish to 
possess a national deterrent, and it is for this 
reason that, thanks to the calibre of their 
scientists and an excellent industrial organi- 
zation, the British have been the first among 
the nations of second magnitude to succeed 
in testing both the A- and the H-bomb, 
thereby proving their worth to their Anglo- 
Saxon cousins across the Atlantic. 

But alas, a nuclear conflict is not the only 
one which may break out in these troubled 
times. However it may have shrunk, the world 
is still wide, even with present-day travelling 
speeds. And, according to the formula for 
British Army missions laid down by the Army 
Council in September, 1959, Britain must be 
able, in any part of the world, to affirm by her 
presence her will to resist cold war attempts 
by the USSR and her satellites. 

Effective intervention also means rapid 
intervention. A highly mobile strategic force 
must therefore be held in permanent 
readiness. At the moment it is the Air Force 
alone which, replacing the Navy of earlier 
years, can give the fighting forces the mobility 
needed in the future. We shall see what 
conclusions the British have drawn from this 
important consideration. 

Finally, Britain is a NATO member and 
must take part in the missions of this organi- 
zation. Under her NATO obligations, she 
must supply General Norstad with a certain 
complement of ground, air and even naval 
forces. Although this may be a heavy burden, 
Britain has every intention of shouldering it. 


The 1957 White Paper 


It was along these guiding lines that the 
1957 Defence White Paper was drawn up; 
this still represents the fundamental ideas of 
British policy. The White Paper laid down a 
five-year plan, based on the three following 
considerations: 

— the need to reduce expenditure. National 

defence cannot continue to swallow up a 


substantial share of the nation’s resources 
in the economic, technical and intellectual 
sectors ; 

— the need to reduce Britain’s share of the 
NATO burden; 

— the need for a fundamental alteration of 
the basic defence concepts in the light of 
scientific and technical progress. 

These considerations have led to the 

following decisions: 

— aconsiderable decrease in the numbers of 
conventional armed forces, the cessation 
of conscription and the abolition of 
compulsory national service, the reduction 
of British forces overseas and the consti- 
tution of a strategic reserve ready to be 
rushed by air from Great Britain to any 
part of the world; 

— the reduction of forces in Europe; 

~ a speed-up in the nuclear effort, passing 
progressively from manned aircraft to 
missiles for both the fighter and bomber 
roles, with an intermediate stage where 
the deterrent would be transported in the 
form of a self-propelled air-to-surface 
bomb carried by manned bombers. 

This programme had far-reaching reper- 

cussions, for it meant an almost complete 
right-about face for both the British aircraft 


industry and the RAF. Although it encoun- ’ 


tered much criticism from both technical 
experts and celebrated military thinkers, it 
has on the whole been followed, though with 
a few modifications. 


British Defence Policy from 1957 to 1959 


Between 1957 and 1959 the RAF launched 
a successful campaign for long-term engage- 
ments. On April Ist, 1959, it was 173,200 
strong: 142,300 volunteers, 4,900 women and 
26,000 national servicemen. One year later, 
these figures were respectively 164,300, 
139,900, 5,700 and 18,700. For April Ist, 1961, 
a total of 163,000 is forecast: 142,900 volun- 
teers, 6,400 women and only 13,700 national 
servicemen. Pay and retirement pensions have 
been increased and the structure of the careers 
themselves modified so that an officer can 
retire at 40 in favourable circumstances or, if 
he wishes, remain in service until he is 60. 
A commendable effort has been made to 
improve living quarters, and air bases are no 
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longer disfigured by caravan sites with 
officers’ children playing in the mud. 

The aim is to achieve a small, highly 
mechanized professional fighting force with a 
high proportion of specialists: by 1961, there 
will be no more than 489,700 men in the 
British armed forces (Army 230,100, Navy 
96,600, and RAF 163,000). By the beginning 
of 1963, when the five-year plan is complete, 
the “cruising ceiling” will be reached with 
about 400,000 men. It should, however, be 
pointed out that this reduction has had to be 
accompanied by increased recruitment of 
costly civilian personnel. 

On the nuclear level, the British effort has 
come up against considerable difficulties, both 
technical and social. Despite this, however, an 
important strike force, based on the V- 
bombers, has been set up. In addition, the 





The Avro Blue Steel stand-off bomb with Bristol Siddeley 
Stentor rocket engine: span 13 ft; length 35 ft. 


The rear of the Vulcan B.2 is fitted with the most modern, 
and naturally “top secret,”” ECM equipment for “radio 
warfare,” in particular a warning radar (here with cooling 
vent). 





United States has sent to Britain 60 Thor 
IRBMs for use in accordance with the— 
politically satisfactory but militarily deplor- 
able—‘“‘double key”’ principle. 

On the more strictly aeronautical level, the 
(perhaps over-hasty) reduction of piloted 
aircraft orders has led to important reorgani- 
zations which were announced in 1959. These 
are well known: Duncan Sandys, father of 
the new defence policy, handed over the 
Defence Ministry to Harold Watkinson and 
became Minister of Aviation (since succeeded 
by Peter Thorneycroft). 

Sandys at once set to work to achieve 
drastic amalgamations within the British 
aircraft industry, for, apart from the reduction 
in Government orders and increased compe- 
tition from foreign markets, the excessive 
number of manufacturers was one of the major 








A second-generation V-bomber, the Avro Vulcan B.2, in climb, powered by four mighty Bristol Siddeley Olympus jets 
with reheat. The bomber, which can be refuelled in flight, can transport a Blue Steel stand-off bomb or two Sky Bolt 


ALBMs. 


causes of the crisis. In order, however, to give 
the British industry the help it needed, the 
Government had in part to abandon its new 
policy and turn back to piloted aircraft again. 
Technical progress also came to its aid, and 
the forthcoming appearance of true VTOL 
aircraft should modify many conceptions 
which had previously seemed indisputable. 


The 1960 White Paper 


The 1960 White Paper reaffirmed the bases 
of British policy and the intention to proceed 
along the same general lines. In this connection 
it should suffice to make a few remarks. 

The hope for economies in the defence 
budget has been disappointed. Defence 
expenditure has risen by £115.7 million (8 
percent). This increase, says the White Paper, 
“tis due in part to a change in the statistical 
basis of the Defence Budget... as a result 
of which additional expenditure . . . hitherto 
borne on civil account has been incorporated 
in the Defence Budget.”” Those two words “‘in 
part” can be interpreted in a variety of ways! 

Although the document is optimistic on the 
subject of manpower, there is some doubt as 
to the number of long-term engagements 
which can be counted on each year, for young 
Englishmen, like other young men in the 
West, show no great enthusiasm for the 


military profession. The RAF, however, 
which gives its members occupational training 
for the future, is less likely to suffer. 

Personnel pay nonetheless accounts for 49 
percent of the budget, the rest being distributed 
as follows: 14 percent for research and 
development of prototypes; 28 percent for the 
procurement of operational materiel ; 9 percent 
for sundry expenses (overheads, fuel, training, 
equipment etc.). 

Finally, the White Paper, while continuing 
to accept the principle that the nuclear 
deterrent should be delivered by unmanned 
vehicles, cast doubts on the future of the 
British IRBM, represented by Blue Streak, 
making the following remark on the subject: 
“The development of the British ballistic 
missile Blue Streak is continuing. However, it 
may be decided not to rely exclusively on 
fixed-site missiles as the successor to the 
medium bomber armed with the stand-off 
powered bomb. Therefore the possibilities of 
mobile launchers, whether aircraft or sub- 
marines, for long-range delivery of nuclear 
warheads are being investigated.” 

The abandonment of the Blue Streak, an- 
nounced on April 13th,{was, as is known, 
confirmed by the Government on April 23rd. 
It will be replaced by the Sky Bolt, which will 
carry British nuclear warheads and will be 


A Vulcan B.1 of RAF 617 Squadron coming in to land. The next day it will be taking part in the scramble exercise. 
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launched from converted Vulcan B.2 and 
Victor B.2 bombers. This decision is a 
momentous one, and we may ask ourselves 
what could have induced the British Govern- 
ment to abandon the concept which appeared 
to be the cornerstone of its policy, namely 
that of a strictly national deterrent. 

The most likely reasons are as follows. 

First of all, Britain, having proved her 
technical ability, may have obtained from the 
United States the undertaking to admit her 
to all the major strategic consultations 
governing the policy of the Western bloc. 
Secondly, the British have reached the con- 
viction that the cases in which they would 
have to make use of a purely national 
deterrent, without United States approval, 
would fortunately be rare enough for them to 
resign themselves to accepting a “‘semi- 





Upper picture: Landing of a Gloster Javelin all-weather 
fighter (with four Firestreaks and two auxiliary tanks). 
Behind, a Blackburn Buccaneer is taxiing to the take-off 
point. Lower picture: simultaneous take-off. 





Landing with blown flaps down and air brakes open. 
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All through jet training: The Hunting Jet Provost, masterfully flown by pilots of the Central Flying School... 


national” one. Thirdly, it is just as unlikely 
that the USA would use her own deterrent 
without previously consulting her allies. 
Finally, it is quite normal, when a country has 
entered an alliance in which it has won its 
nuclear spurs (particularly when it is the only 
one to have done so), to benefit from the 
weapons developed by its “‘big brother”; such 
a policy will enable it to make considerable 
savings and concentrate its intellectual and 
industrial effort in fields where it can employ 
itself to greater advantage than in breathlessly 
trying to catch up with a country which is 
several years ahead. 


The present situation 


What is the position now at the conclusion 
of Farnborough and after the statements made 
by Air Chief Marshal Sir Thomas Pike, Chief 
of the Air Staff ? 

Primarily, and for some time to come no 
doubt, the nuclear weapon-carrying V-bomber 
force continues to form the main dissuasive 
arm. The RAF also mans the Thor launching 
sites, and at the same time there remain some 
fifteen American bases in Great Britain 
(comprising 90 bombers and about 300 
fighters together with a total strength of 
approximately 30,000 men). The emphasis is 
placed on the improvements being made to 
the Vulcan B.2: a modified wing of greater 
span, new electronic equipment (in particular 
for countermeasures), and above all the new 


Taxiing manoeuvre with folded wings. 


Bristol Siddeley Olympus engines, which are 
expected to deliver more than 20,000 Ib of 
thrust (and nearly 28,000 Ib with reheat). 

These aircraft, when armed with Sky Bolt, 
will be formidable and will pose a difficult 
problem for an enemy. But on the other hand, 
as Air Chief Marshal Pike has explained, if 
the missile is launched from a point in space 
outside the enemy’s control it is hard to see 
the utility of an offensive aircraft such as a 
V-bomber, and he places the accent on the 
“‘versatility”’ of a bomber/transport aircraft. 
It is this term which appears to give the key 
to the present policy of the RAF. 

At present the ideas of the RAF are 
directed toward a large transport aircraft 
capable of carrying Sky Bolt and of remaining 
in the air for long periods, but which could 
also be usefully employed in a variety of other 
roles. These would include the transport of 
the strategic reserve for localized conflicts or, 
in a cold war situation, the showing of the 
flag throughout the world. At the same time, 
in the event of total disarmament, such an 
aircraft would provide the country with a 
reserve transport fleet. It appears from this 
that the Chief of Air Staff does not consider 
the possibilities of the outbreak of a major 
atomic conflict to be great, and that he is 
thinking in terms of brush fire wars and 
conventional localized conflicts. In these 
circumstances the transport of the strategic 
reserve remains the essential task. 
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...and a Folland Gnat Trainer in slow flight with semi-retracted main wheels working 


as air brakes... 


At the present moment, the forces of Great 
Britain are distributed as follows: a reserve in 
the United Kingdom, regional reserves in the 
Mediterranean, Middle and Far East, and 
overseas garrisons which unfortunately are 
becoming steadily fewer in number. 

The value of a strategic reserve depends 
upon its strategic mobility, firstly to arrive in 
the theatre of operations as quickly as 
possible, and then upon its tactical mobility, 
for all future operations will be a combined 
effort of land and air forces where close 
support is essential. This has resulted in the 
formation, within Transport Command, of a 
tactical transport group (38 Group) possessing 
its Own equipment and headquarters and 
working in conjunction with the strategic 
transport force. Exercise Starlight, which was 
carried out last March by two brigade groups 
in Libya, enabled this system to be developed. 

The strategic transport force is based 
entirely in the United Kingdom. At the 
moment it consists of 23 Britannias and 10 
Comet 2s and, as was announced at Farn- 
borough, this figure will be increased by the 
order for 5 Comet 4Cs. In 1964, 10 Short SC.5 
Britannics will be added to the total, but at 
the moment the capacity of the strategic 
transport force is approximately a brigade 
group (not including its heavy equipment). 

What will be the destinations to which this 
transport force will fly ? The answer, in theory, 


The RAF’s Bristol-Ferranti Bloodhound Mk.1... 


is to any area that the Government may 
decide. This may well be so, but at the same 
time staging points will be required, as the 
range of the aircraft ist not yet equivalent to 
half the distance around the earth (of the 
order of 3,000 nautical miles for the Comet 4 
and 4,500 for the Britannic), the most impor- 
tant British interests still lying in Africa, the 
Middle East and the Far East, where the 
bases of Nairobi, Aden and Singapore are 
the strong points of the system. 


When one looks at a map of the routes and 
staging points selected for Transport Com- 
mand, towards the Far East and Oceania, one 
cannot help thinking that our modern world 
evolves quickly and also in a manner which, 
for the moment at least, is hardly favourable 
to the Western nations. 


It is not very long ago when the route to 
Shanghai and Australia was a continuous 
chain of British, French and Dutch bases. In 
Africa, in the Indian Ocean, in Indonesia, in 
Indo-China, India, Ceylon and above all in 
the Mediterranean, there was no problem. 
Today, unfortunately, it is no longer thus, and 
the old masters of the continents must, like 
their ancestors before them, take refuge in the 
small islands, the mainland being denied them 
once again. 


To go to Australia or to Singapore, Trans- 
port Command can still land on the “‘Northern 


..and the British Army’s English Electric Thunderbird. 


..- finally, the two-seat English Electric Lightning T.4 for weapon training and opera- 
tional use (two Firestreaks). 
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The Short Seacat weapons system, consisting of a quad- 
ruple launcher and the two-man control system: radio 
guidance by miniature control column; signal transmis- 
sion via antenna on launcher. 
























Short Seaslug weapons system on “HMS Successful’’. 






route’ at Malta, El Adem, Aden or Nairobi. 
But it is already prevented from using Ceylon 
and Djakarta, and it is on the little island of 
Gan in the Maldives that the V-bombers land 
when on exercise. At the present moment the 
interdiction of overflying the whole of Africa 
is envisaged. It will then be necessary to fly 
around it to the south as in the days of 
Albuquerque and Vasco da Gama. The route 
would then be via Bathurst (or the Cape Verde 
Islands) Ascension, Tristan da Cunha, Prince 
Edward Island, Mauritius, Gan (already 
mentioned), or the Cocos Islands. This detour 
occasions a feeling of sadness but at the same 
time a feeling of sincere admiration for those 
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who intend to carry out their duties to the end 
in the face of the worst difficulties. 

The tactical transport group (38 Group) is 
equipped with Hastings, Beverleys, Twin 
Pioneers and Whirlwind helicopters. Beginning 
next year it will be increased by the addition 
of 56 Argosies. This force is stationed partly 
in the U.K. and partly at Aden, Nairobi, and 
Gan. 

The RAF is thus preparing to maintain its 
role in the service of its country, as it did 
20 years ago during the Battle of Britain. 


Air defence and close support 


On the topic of air defence, ideas have 
developed somewhat since the White Paper 
of 1957. The British think, in the RAF at least, 
that the main threat today is still that of the 
piloted aircraft, and will continue to be so for 
several years to come. From this stems the 
necessity for front-line supersonic fighters 
such as the Lightning, which is just coming 
into service. Air Chief Marshal Pike has also 
stated that even in these days of missiles and 
anti-missile missiles, it will be necessary to 
keep the piloted fighter to maintain air 
supremacy against piloted “intruders” and to 
counter the threat of the manned aircraft in 
overseas theatres of operations. For as far 
ahead as can be foreseen, this threat will 
continue. In consequence, for the conventional 
war which may always break out, the ground 
forces must be supported by a “‘versatile”’ 
aircraft, both powerful and economic, capable 
of bombing and reconnaissance duties. This 
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A historic moment: The 
Short SC.1 experimental 
VTOL aircraft demonstra- 
tes for the first time to an 
international public com- 
plete transition flights con- 
sisting of vertical take-off, 
horizontal flight and verti- 
cal landing. The jet pipes 
of the control and stabili- 
zation system are clearly 
visible in the picture. 


successor to the Canberra will be the super- 
sonic TSR.2 equipped with the Olympus 
engine, upon which great hopes are based. 
It is obvious that the RAF is extremely 
interested in vertical flight. This major step 
will provide aircraft with capabilities which 
have never existed previously. It will modify 
the conduct of operations, but it will not alter 
the doctrine. On seeing the SC. | in flight for 
the first time, one had the feeling that this was 


Prior to taking its bow 
before the SBAC Presi- 
dent’s tent. 


The SC,1 on its steel take- 
off platform. 





a historic moment, akin to that of the first 
flight of Ader from the lawn of the Chateau 
d’Armainvilliers on October 8th, 1890. 


* 


To conclude, a word must be said of the 
Navy. Here also the future lies in the skies. 
Outstripped by its lack of speed and no longer 
possessing the advantages of being able to 
“stop at the side of the road,” the Navy had 
realized, in Great Britain as elsewhere, that 
in order for it to survive it must become an 
effective striking force and a developed 
transport system. To succeed the Scimitar and 
Sea Vixen, orders have been piaced for the 
NA. 39 Buccaneer, which in the words of the 
White Paper “‘promises to be an outstanding 
strike aircraft.”” Guided missile escort vessels 
and commando carriers are being brought 
into service, and the development of the 
Seaslug and Seacat is being carried out with 
vigour. Soon the Navy will become a serious 
rival to the RAF with the atomic submarine 
equipped with Polaris. In comparison to the 
superior mobility of the missile-carrying air- 
craft, it possesses the invulnerability offered 
by the protection of the sea allied to a reduced 
but nevertheless genuine mobility. In this 
struggle to achieve the best employment of a 
deterrent one can only say that the future 
will decide. 


Conclusion 


Whatever may have been said from time to 
time, Great Britain’s defence policy is still the 
same: the discouragement of all-out nuclear 
conflict, the possibility of rapid intervention 
in “brush-fire” outbreaks in any part of the 
world and also in conventional wars, as in the 
past. The greatest innovation lies in the 
tendency towards multi-purpose equipment, 
based ona preoccupation with economy which 
is universal in our age. 

In conclusion, might we venture to suggest 
to our British friends that an excellent way of 
saving money on defence would be to do so in 
common, on the understanding, of course, 
that a joint defence can be achieved only if a 
joint policy is adopted. ‘‘United we stand,” 
says the wisdom of nations; it might also add 
“United we save.” le: 
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left: Belvedere, Rotodyne, 


Whirlwind, Wasp and Skeeter. 





Decently covered for the first time: the Westland West- 
minster. 





The RAF’s AW.660 transport with beaver tail. 





H.P. Dart Herald (upper picture) and Vickers Vanguard 
(lower picture). 








The Products and 


Some of the Westland rotorcraft as- 
sembled for the grand parade. Right to 
Wessex, 


Or. of the comments made by Sir George 
Dowty, President of SBAC, in the course of a 
press conference, was that Farnborough 1960 
could not be described as a “vintage” year. The 
President went on to emphasize that the increas- 
ing length of time required for the development 
of complex aircraft made it impossible for the 
industry to produce several new types at each 
succeeding Show. 

It is in a way unfortunate that the twenty-first 
SBAC Show should occur at just such a period 
when several new aircraft are in the course of 
construction but are not yet ready to make their 
public appearance. If the “birthday celebrations” 
lacked new aircraft, at least the coming-of-age 
of SBAC coincided with the reorganization of 
the British industry. This may well be a promis- 
ing omen. 

As a result of the lack of newcomers, the Show 
this year possessed a predominently military 
flavour. In fact at least four of the events in the 
flying programme were provided by Service 
personnel. At the same time, visitors were able 
to see history being made, and repeated daily, 
with the performance of the Short SC.1 VTOL 
aircraft. The vertical take-off followed by a turn 
about its axis and then a rapid acceleration in 
horizontal flight, culminating in a_ perfectly 
positioned halt and vertical landing, showed the 
progress that has been achieved in solving the 
control problems of this type of aircraft. 


The impact of VTOL and of the preoccupation 
with the problem of landing was apparent 
throughout the Exhibition. Models of projected 
VTOL aircraft indicated the acceptance of the 
concept that the weight of a battery of lift engines 
would be compensated for by the absence of the 
heavy landing gear and complicated lift devices. 
A chronological table on the Rolls-Royce stand 
illustrated the progress in the development of 
these powerplants, and engines now available 
with a thrust/weight ratio of 16:1 bring the 
concept within the realms of commercial possi- 
bility. A second method of achieving this in- 
dependence of long runways was illustrated by 
the Bristol Siddeley BS.53 engine with its con- 
trollable deflecting jets. This represents more the 
answer to the military requirement for short 
field performance and is intended primarily as 
the powerplant for the Hawker P.1127. 

The equipment and systems manufacturers 
are also closely involved in the quest for im- 
proved aircraft ground performance. The devel- 
opment of Autoflare and its successor Autoland 
is being actively pursued. The systems will 
undergo considerable flight testing in military 






aircraft before being introduced to commercial 
use, and the Britannic will be equipped with the 
full Autoland system when it enters service. 

Judging from the models of aircraft at present 
under construction and also projected, one 
feature is evident. The day of the wing-mounted 
jet engine has passed. All new models show the 
rear-mounted engine as a common feature. 

One other point is the presence of models of 
supersonic transports. As Great Britain possesses 
the economic advantage of being perhaps the 
only country where the use of supersonic aircraft 
will be socially acceptable in view of the small 
area and the ability to clear the coastline before 
supersonic speed is attained, it remains to be seen 
whether the Government will assist the reformed 
industry in taking advantage of this situation. 
There is no doubt that the industry is ready to 
profit from this state of affairs. 

This brief survey touches only on major trends 
noted at the Show. There will be ample oppor- 
tunity to enter into details in forthcoming issues. 

Farnborough 1960 may not have been a 
“vintage” year. As a shop window to display 
future wares it was interesting, and it points to 
the intention of the industry to halt the fall in 
aircraft exports by being ready as quickly as 
possible to supply the buyers with the next 
generation of air transport. 


a 





Rain... shine and noise. 
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...and the production version of the Westland Belvedere (two Napier Gazelles). 


Début of the Avro 748 (two R.-R. Darts)... 


The models The engines 


Turbine engines for jetlift and rotorlift: Rolls-Royce twin RB.108 (left) and Napier 
Gazelle. 








The Bristol Siddeley BS. 53 lift/ 
thrust engine, the core of the 
Hawker P. 1127 VTOL aircraft. 


Avro 771 medium-range jet aircraft Folland Supersonic Gnat Mk. 5 fighter. (two 
(two BS.75s). R.-R. RB. 153s or BS. Viper 20s). : “~s The Bristol Siddeley Stentor 
A ‘fre rocket engine (powerplant for 


the Blue Steel), burning HTP 
and kerosene. 


Rolls-Royce points the way to the supersonic VTOL aircraft: Flying Bedstead (1953); / b 
Last but not least: The Rolls- 


SC.1 (1960) and Griffith’s trans-Atlantic airliner. ; . f 
a ‘ “a Royce by-pass RB.141 with a 
maximum thrust of 15,000 Ib. 
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With pride we announce the continuing exclusive use of HUNTING 
designed and manufactured primary/basic trainers in the Royal 
Air Force. 

After the most thorough evaluation ever given to any training 
aircraft, the Jet Provost T.Mk.3 (powered by the Bristol Siddeley 
Viper) is now in operation at Royal Air Force Basic Flying 
Training Schools. 

Similar to the T.Mk.3 but fitted with armament in addition, the 
Jet Provost T.Mk.51 is in service with the Royal Ceylon Air 


Force. 


HUNTING AIRCRAFT LIMITED 


MEMBER COMPANY OF BRITISH AIRCRAFT CORPORATION 
Luton Airport, Bedfordshire, England 
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AiResearch cabin air compressors have proved their 
reliability and durability with more than 15 years 
of dependable operation on propeller, turboprop 
and jet transports. These compressors, integrated 
into complete air conditioning and pressurization 
systems, give superior performance, assured by the 
company’s unmatched experience in developing 
compatible systems. 

AiResearch has assumed complete system respon- 


THE 





sibility in the field of cabin pressurization and air 
conditioning for the world’s finest propeller, turbo- 
prop and jet airliners and military aircraft. 

This extensive experience in compact, reliable, 
highspeed rotating equipment (49,000 rpm) is now 
being adapted to new fields such as freon compressors 
utilized in ground air conditioning for both commer- 
cial and military applications. For further informa- 
tion, write to Garrett International S.A., 17 Rue des 
Pierres-du-Niton, Geneva, Switzerland. 


CER Cost AVE 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona, U.S.A. 
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Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 











BREGUET 1150 
“ATLANTIC” 


Maritime patrol and 
ASW aircraft chosen 
by NATO and 
produced in quantity 
by the aricraft 
industries of 
Belgium, France, 
West Germany and 
the Netherlands. 





BREGUET 1050 
“au” 


Search and ASW 
aircraft. 

In quantity production 
for the French Naval 
Air Arm and 

the Indian Navy. 





A. DES ATELIERS D'AVIATION LOUIS BREGUET 


24, rue Georges-Bizet, PARIS (16°) 
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NOW . THE MARCONI AD308 TRANSISTORISED 


AIRBORNE TELEPRINTER RECEIVER 
E ATH ER AD308 provides automatic teleprinting of 


continuously broadcast weather 


information whenever the pilot needs it. 

RM AT ()N AD308 high selectivity receiver and low 

noise ferrite loop aerial gives continuous 
FOR i | ' reception across the North Atlantic. 
AD308 using narrow band L.F. reception 
clears the HF band for vital ATC 
p ()] communications. 
- AD308 being automatic, radically reduces 





T » the flight deck work load. 
()N A RY AD308 light weight receiver is contained 


in a short } A.T.R. case and weighs 


TELEPRINTER = ™e=“ 
MARCONI 


AIRPORT AND AIRCRAFT RADIO SYSTEMS 











* Fitted in B.O.A.C’s. fleet of Boeing 707’s 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED ‘ CHELMSFORD * ESSEX * ENGLAND 
A2 





EVEN 
BETTER 
THAN 





Before the first Vanguard goes into sche- 
duled service, and little more than a year 
after the first flight tests, development 
has made possible dramatic increases in 
maximum operating weights. Details are 
given in the table below. These improve- 
ments have been achieved for an empty 
weight increase of only 600 Ib, and allow 
a margin of 1,600 lb for future develop- 
ment, equipment changes or customers’ 
special requirements. 


PROMISED 





VANGUARD PAYLOAD UP BY 8,000 Ih 








| The Vanguard can now carry 139 economy-class 

passengers plus over 8,000 lb freight. Without 
: intermediate refuelling, 100-passenger payloads 
; can be carried over such important consecutive 


Member Company of British Aircraft Corporation 








attractive than ever. 


The airliner with the biggest profit potential ever offered to the operator 
VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY 


TGA ATé6ss 
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| Original specification New specification Increase 

i GP.OSS TAKE-OFF WEIGHT 141,000 lb 146,500 lb 5,500 Ib 
MAX, LANDING WEIGHT 121,000 lb 130,500 lb 9,500 Ib 

j MAX. ‘ZERO FUEL’ WEIGHT 112,500 lb 122,500 lb 10,000 Ib 

| MAX. PAYLOAD 29,000 |b 37,000 lb 8,000 Ib 
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Press-Button Piloting 


The Lear Integrated Flight System 


By E. K. Barnes, Interavia, Geneva 


In a recent article published in these pages * a technician examined the 
future prospects and possibilities in the aviation field and made reference 
to an increasing measure of automation in aircraft control both from the 
ground and in the cockpit. While this prophecy is undoubtedly true, for 
the techniques required to achieve it are known and in existence in industry 
today, one point was not mentioned. That detail is the acceptance of such 
methods by the man in command of the aeroplane. 

Talk to the technician who is devoting his working hours to the develop- 
ment of a thoroughly reliable automatic pilot, and before long will come the 
bitter comment: ‘‘Of course the pilots will only use an autopilot when the 
weather is good.” Faced with such disbelief in his skill, it is only natural 
that the technician becomes cynical. The pilot on the other hand insists 
that his point of view should also be appreciated. In command of a valuable 
aircraft and responsible for his passengers’ lives it is also natural for him 
to rely upon his own skill to control the aircraft in difficult conditions rather 
than leave matters in the hands of a number of inanimate black boxes. An 
acute observer once remarked “The failing of a black box is that it has no 
fear of death.” 

It must be admitted that it was more in an “anti-technician” and “pro- 
pilot” frame of mind that I was introduced to the Lear Integrated Flight 
System. There was no valid reason for this outlook, for an indelible recol- 
lection of early flying training has left me with a vigorous faith in mechanical 
devices. Struggling to control an elementary trainer on instruments, with 
the controls crossed and the aircraft in an exceedingly precarious attitude, 
the voice of the instructor came through the headphones—“If you would 
stop harassing the aircraft so much, all three of us up here would be much 
happier. This thing was designed to fly, and it’s becoming increasingly 
obvious that you were not.”’ 

In spite of this early conditioning to the ability of mechanical devices, 
there is always a distrust of any innovations. The sight of an instrument 
panel with two unfamiliar displays was sufficient to rouse this distrust. A 
short explanation of the functions of the two instruments prior to take-off 
for the demonstration flight at least cleared up a number of doubts . . . the 
remainder disappeared within five minutes of being airborne. 


The system presentation 


The display of the Lear flight system consists of two instruments mounted 
vertically one above the other on the instrument panel. The upper instru- 
ment, known as the NAFLI director (NAtural FL!ght) is a combined, 
three-axis aircraft attitude indicator and flight director. Beneath this is 
mounted the situation display which gives a map-type presentation of the 
aircraft’s position relative to a desired beam path. The third item of the 
cockpit equipment is a small selector panel with the press-buttons to 
actuate various modes of operation. 

On the Flight Director (see illustrations) there appears a heading index 
which is adjusted by means of the lefthand knob on the side of the instru- 
ment. Beneath the heading index is the lateral command or steering index, 
and below this is a vertical pointer giving bank information and commands. 
In the centre of the dial is the attitude indicator, consisting of a tail view 
presentation of the aircraft and two symbols at the outer edges of the dial 
to indicate the pitch reference. When the attitude indicator is aligned with 
these symbols the aircraft is flying level in the pitch axis. At either wing tip 
of the central aircraft symbol a small horizontal diamond (termed “ tip 
tanks’ by the Lear technicians) commands the correct pitch attitude 
required to maintain the glide slope when making an ILS approach. One 
detail of the display should be emphasized at the outset. The attitude indi- 
cator displays the aircraft movements in a natural sense. That is to say that 
the indicator climbs above the pitch reference symbols when the aircraft is 
climbing and banks to the right when the aircraft is in a right turn. This 


* “Avionics, A Technician Looks at the Present and the Future,” by C. B. Bovill, in Jnteravia 
No. 9, 1960, p. 1146. ; 
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“outside in’ presentation gives the pilot the impression of watching the 
movements of his aircraft from a point astern. 

Around the attitude display is mounted the azimuth card which is 
magnetically slaved to the gyro compass, and on the right of the instrument 
a pitch trim knob is fitted to adjust the centre position of the attitude 
indicator in relation to varying conditions of flight such as loading and 
speed. 

Beneath the flight director is mounted the Situation Display which 
indicates the position of the aircraft in relation to a desired radio beam. 
This consists of an azimuth card and lubber line and a course index which is 
adjusted by the course setting knob. In the centre of the dial a lateral course 
displacement bar deflects right and left to provide a continuous indication 
of the aircraft’s position in relation to a selected VOR radial or ILS localizer 
beam. At right angles to this bar in the centre of the dial, a glide slope 
deviation pointer functions in the normai cross pointer manner. An aircraft 
symbol etched on the dial glass displays the aircraft situation in relation 
to the selected radio beam. 

The third cockpit component, the Mode Selector, is a small panel with 
four internally lighted push-buttons which are marked respectively: Flight 
Instruments, Heading, Capture and Track. 


The system in flight 


As this is a command instrument system which can either be employed as 
an independent flight reference in manual flight or can be combined with an 
automatic pilot, it is simpler to consider its operation in manual flight for 
the purpose of description. The four modes marked on the selector panel 
are chosen by the pilot in relation to his requirements for each stage of the 
flight, and their operation is as follows. 


1. Flight Instruments. In this mode all the flight director computer 
commands are inoperative. On the upper dial the pitch and roll attitudes of 
the aircraft are displayed, while the heading is shown on both the magneti- 
cally slaved azimuth cards. This mode is used to disengage the computer 
signals from the display and also while presetting heading information into 
the system in flight. Pressing this button also cancels any previously selected 
mode on the panel. 


2. Heading. After presetting the desired course with the flight director 
heading index, this mode is engaged. The steering index swings to the side 
which represents the shortest turn onto the new heading, and the pilot 
banks the aircraft so as to align the bank pointer with the steering index. 
This commands a suitably banked turn onto the new heading, with the rate 
of turn being reduced as the heading is approached. When the bank pointer, 
steering index and heading index are aligned vertically, the aircraft is 
established on the new course. Attitude information is displayed as in the 
first mode, and the heading is also shown on the situation display. 


3. Capture. In this mode the steering index will provide the information 
necessary to intercept a preselected VOR radial or localizer course. The 
radio facility is tuned in, and the required radial or localizer bearing is set 
on the heading selector of the lower instrument—the situation display. 
The capture button is then engaged, and the steering index commands the 
proper bank angle to intercept the radial or beam. At the same time the 
course displacement bar deflects and indicates the aircraft’s position in 
relation to the beam, while the TO and FROM indicators are activated to 
indicate the direction of the selected radial in relation to the transmitter. 


4. Tracking. The tracking mode is a further refinement of the capture 
mode. When the steering index has given the intercept course for the appro- 
priate radio facility and the aircraft is established on the new heading, 
the tracking button is pressed, and the steering index then automatically 
provides the precise guidance to crab into any crosswind so as to maintain 
the centre of the VOR radial or localizer course. This fourth mode is also 
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a) Pitch display. Pitch is 
displayed by the vertical 
position of the miniature 
aircraft symbol relative to 
the “tip tanks” and the pitch 
reference marks. When all 
the symbols are aligned, the 
aircraft is flying level. The 
attitude reference illustrated 
here shows the aircraft 
climbing (solid lines) and 
diving (dotted lines). 
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The layout of the Flight Director display. 


1 - Heading index. 2 - Lateral command or 
steering index. 3 - Bank pointer. 4 - Pitch 
reference marks. 5 — Glide slope displacement 
(tip tanks). 6 - Attitude reference. 7 - Heading 
selector knob. 8 - Azimuth card slaved to gyro 
compass. 9 - Vertical gyro warning flag. 
10 — Pitch trim knob. 


employed when carrying out an ILS approach. When tuned to an ILS, the 
pitch command diamonds (“tip tanks’) deflect to give the correct attitude 
to intercept the glide path, and the aircraft position above or below the 
glide path is indicated by the relationship between the attitude reference 
marker on the flight director dial and the “tip tanks.’’ On the situation 
display the centred cross pointers show “on course” and “on glide 
path” for the ILS. 


* 


The actual flight demonstration which followed the briefing on the 
functions and capabilities of the system consisted of a number of exercises 
culminating in an ILS approach. 

After take-off, a few moments were spent in flying the aircraft on the 
attitude indications given by the flight director with the flight instruments 
mode selected. The first impression was the length of time required to 
become accustomed to the “natural” or “outside in’ presentation. A 
liberal estimate would be in the neighbourhood of ten seconds. The next 
stage was to select a series of headings on the heading index, then engage 
the heading mode. The steering index deflected to the shortest turn and it 
was a simple matter to bank the aircraft so as to align the bank index with 
the steering index. As the three markers approached the vertical the aircraft 
was levelled out accurately on the desired heading each time. 

The third stage consisted of selecting a series of radials on a nearby 
VOR (Froideville) and intercepting them in the capture mode. To do this, it 


The Situation Display dial. 


1 - Selected course index. 2 - Lubber line. 
3 - Course displacement bar. 4 - Glide slope 
warning flag. 5 - Glide slope deviation bar. 
6 - Compass gyro warning flag. 7 - Aircraft 
reference symbol. 8 - Course select knob. 
9 - Localizer warning flag. 10 - Reciprocal 
course index. 11 — Azimuth card. 12 - VOR 
To/From arrows. 





a) The Situation display. 
The aircraft heading is 
presented by the lubber line 
against the azimuth card. 
The plan view aircraft sym- 
bol presents the aircraft 
situation relative to any 
point on the azimuth card. 


5) Roll display. The attitude 
reference shows the aircraft 
to be banked to the right 
while the bank index is at 
full deflection, indicating a 
bank angle of 30 degrees. 





c) Heading display. The 
illustration shows the head- 
ing index set to 075 degrees. 
On engaging the Heading 
mode the steering index 
deflects as shown, to pre- 
sent a roll command. The 
aircraft is then banked so as 
to align the bank pointer 
with the steering index. As 
the heading is approached, 
the steering index gradually 
diminishes the roll com- 
mand so that the aircraft is 
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d) Glide slope interception. 
After intercepting the lo- 
calizer the Tracking mode 
is engaged. The “tip tanks” 
deflect vertically indicating 
the position of the glide 
slope relative to the aircraft. 
To complete the intercep- 
tion, the aircraft is flown so 
as to maintain the attitude 
reference aligned with the 
“tip tanks."" The illustration 
shows the aircraft climbing 
to the glide slope (dotted 





levelled out on the desired lines) and descending 











heading. (solid lines). 


was merely necessary to set the desired radial on the situation display, the 
heading index on the flight director being inoperative in this mode. On 
pressing the button, the course displacement bar deflected towards the 
desired radial, and the steering index commanded a turn to intercept it. At 
the same time the TO-FROM indicator in the centre of the situation display 
dial indicated the direction of the radial. After settling on course, a pressure 
on the tracking button ensured that the system computers would assess 
the amount of drift due to wind and feed a correction to the steering index 
in compensation. With this tracking mode engaged it is child’s play to 
maintain the centre of the radial merely by keeping the bank and steering 
indices aligned. 

To complete the demonstration, an ILS approach was made to Geneva 
airport. Starting from 5,000 feet and some miles south-east of the airport, 
we tuned the receiver to the ILS frequency, and set the bearing of the 
instrument runway—230 degrees—on the situation display. A pressure on 
the capture button, and the steering index swung over to give the appropriate 
bank angle to intercept the localizer beam. At the same time the course 
displacement bar deflected to indicate the relative positions of the aircraft 
and the beam, and then commenced to centralize as the beam was reached. 
Once established on 230 degrees and with the course bar central, the tracking 
mode was engaged. By this time the aircraft was some miles distant from the 
outer marker and still at 5,000 feet. The “tip tanks” deflected upward, 
indicating that we were below the glide path, ‘and as the distance decreased 
they slowly descended until level with the pitch reference marks. This 
indicated that we had intercepted the glide slope, a fact that was confirmed 
by the position of the cross pointers on the situation display. The rest of 
the approach consisted merely of power reductions to enter the landing 
configuration and speed, and flying the aircraft to maintain the “tip tanks” 
and attitude indicator in line. 

The alignment of the steering index and bank pointer ensured that the 
localizer course was maintained. At the same time the tracking mode 
provided the steering instructions to compensate for crosswinds. During the 
approach, a check from time to time on the cross pointers of the situation 
display confirmed the accuracy of the tracking. Continuing the approach 
to below 100 feet brought the aircraft over the exact centre line of the 
runway in the landing configuration and ready for a normal landing. 


The automatic flight control system 


As the demonstration aircraft was fitted with interlinked autopilot and 
flight director system, I was also able to see the fully automatic flight control 
in operation. 

Apart from the addition of the autopilot and a slightly different selector 
panel, the instrumentation in this installation remains the same. The capa- 
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6) VOR radial interception. 
The course index arrow is 
set to the desired radial on 
the azimuth card. The 
course displacement bar 
deflects left or right to 
indicate the position and 
situation of the aircraft rela- 
tive to the selected radial. 
At the same time the steer- 
ing index of the flight 
director commands the cor- 





rect turn to intercept. 


c) ILS localizer interception. 
The course index arrow is 
set to the localizer heading 
in the same way as for a 
VOR radial interception. 
The course displacement 
bar indicates the position 
of the localizer beam while 
the glide slope deviation bar 
is used for reference after 
the beam interception. 
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d) The glide slope deviation 
bar deflects up or down to 
show the aircraft's position 
relative to the glide path. 
The diagram shows the 
aircraft below the glide path. 
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bilities of the system are vastly increased, however. On the selector panel 
two extra buttons are fitted for autopilot control, marked Glide Slope and 
Altitude. A flight controller unit with the three-axis trim controls and 
autopilot ON-OFF switch is also fitted in the cockpit. 

The demonstration of the complete integrated system followed much the 
same progress as the previous manual system. Apart from being able to 
maintain a steady climb, dive or turn by means of a finger touch on the 
autopilot control, a pressure on the altitude button ensured that the aircraft 
held any selected altitude. To turn on to a predetermined heading, it was 
only necessary to select the heading on the flight director and press the 
heading button, and the autopilot did the rest. To fly a selected VOR radial, 
one merely set the radial on the situation display, engaged “capture’’ and 
the aircraft sought out the radial, intercepted it and settled on the new 
course. Once established on course, the tracking mode ensured that cross- 
wind compensation was being fed into the director so that the aircraft 
maintained the centre of the beam. 

Two points are worthy of note in connection with the interception of 
a desired course. When used either as a manual flight director or in conjunc- 
tion with an autopilot, the computer will not command a bank angle of more 
than 25 degrees. This ensures that the aircraft is not subjected to any violent 
changes of attitude which would prove unacceptable in commercial 
operations. 

Similarly, when the capture mode is used to intercept a radial, the 
computer will direct a smooth interception up to a maximum of a 60 degree 
angle of interception. If the aircraft is outside this limit in relation to the 
desired course, the director makes no attempt to pull the aircraft round in a 
tight turn, but pauses a moment for reflection and then turns the long way 
round on to the heading. This obviates both a tight initial turn and a pattern 
of bracketing over the desired heading. 


a. 


The last part of the automatic flight demonstration consisted of an 
ILS approach carried out by the autopilot. As in the manual approach, the 
Geneva ILS frequency and instrument runway bearing were selected, 
the capture mode selected, and the aircraft turned automatically on to the 
approach heading. Once this was established, the tracking mode was 
engaged together with the altitude hold, and a level initial approach made 
to the glide slope, while a watch was kept on the “tip tank”’ indicators. 

When the “tip tanks’ coincided with the pitch references, the glide 
slope mode was engaged, and the aircraft commenced to track the glide 
path. On the descent the power was adjusted for the required approach 
speed while the autopilot, controlled by the flight director, kept the aircraft 
steadily along the two axes of the approach. At a height of 50 feet, and over 
the threshold of the runway, the autopilot disengage button was pressed, 
and the landing completed manually. 

To one having seen this demonstration of the system working both 
manually and on the autopilot, a number of features are outstanding. 
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Firstly the smoothness of operation of the system. Tracking the glide path 
and localizer from out beyond the outer marker, it was possible to see the 
director making gentle corrections to the flight path. As the runway 
approached, one had the same impression as that given by a human pilot in 
instrument conditions as he adjusts his seat, changes his grip on the controls 
and concentrates on the instrument panel. The corrections became smaller 
and more precise until the aircraft was lined up exactly with the centre of 
the runway. This philosophy is in keeping with the idea of not “harassing” 
the aircraft. 

Another point is that of using the autopilot purely as a fine weather aid. 
There is a well-founded distrust of the possibility of “hard-over’’ signals 
occurring in instrument flying conditions, and pilots are naturally chary of 
the likelihood. A look at the servos employed in the system reassured me; 
there is little chance of a pilot being unable to overpower them in the event 
of malfunction. It is in fact a demonstration item on this system to give a 
pilot a three-axis “hard over’ during the flight by way of illustration. 

The small servos and clutch drives ensure that the system is mechanically 
incapable of producing violent changes of attitude before the pilot can take 
over command. The air loads alone on the control surfaces would prevent 
any large control displacement, and the clutch transmissions would allow 
the drive to slip. This low power transmission system goes a long way to 
allaying a pilot’s suspicion that the autopilot contains an immensely power- 
ful motor which is capable of locking the controls immovably. 

The smoothness of operation derives to a great extent from the behaviour 
of the flight director computer. On intercepting the glide path for example, 
the pitch command indicators (“tip tanks’’) began to descend slowly so as 
to lead the aircraft on to the descent without a violent nose-down pitch. 
This lead or lag, according to the circumstances, is displayed in all conditions 
of flight. 

After seeing a demonstration of the system in operation both manually 
and in conjunction with an autopilot, one tends to devote greater attention 
to its use as a landing aid than to its basic function as a flight system. The 
main purpose of the design is to provide the pilot with instrumentation 
which presents computer-processed information in the form of steering 
commands. It remains for the pilot to select the source and type of informa- 
tion, and the computer then indicates the action required to employ it. 

In this respect the system offers considerable flexibility in use. It is 
noteworthy that it is capable of employing both LF and VHF radio aids, 
and in consequence the pilot can utilize the LF/MF transmissions from a 
non-directional beacon in the same manner as a VOR. This freedom 
greatly extends the adaptability of the system in many parts of the world 
where navigational aids are sparse. 

For this reason it is more accurate to consider the system as a method of 
presenting both attitude and navigational information in a simple and 
unambiguous manner. Whether the information is utilized directly by 
the human pilot or through the medium of an autopilot is immaterial. The 
outstanding impression that remains, however, is one of simplicity in use, 
so that perhaps I should leave the final word to that long-suffering flying 
instructor—‘“It was designed to fly .. .” 


The panel installation of the flight system in 
the cockpit of an F-27. The flight director and 
situation display instruments are located 
directly ahead of the control columns. The 
mode selector panels are situated under the 
right-hand corners of the instruments. 
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When, on August 15th, the leading space 
research experts of some 30 nations gathered in 
the Chinese Theatre at Stockholm for the opening 
of the 11th International Astronautical Congress, 
there lay before them a week of lectures with a 
variety of topics which was to put all earlier [AF 
Congresses in the shade. And yet these lectures 
were but the verbal accompaniment to a new 
and dramatic round in the relentless battle 
between East and West for the leadership in 
outer space. 

At the beginning of the Congress it looked as 
if the USA had recovered from the reverse 
suffered in her ill-fated attempt to force the pace 
with the Vanguard project, for a few days pre- 
viously she had for the first time brought back 
to earth and recovered the instrument capsule of 
a Satellite. The X-15 had set a new altitude 
record, and every evening Echo I, the most 
voluminous satellite ever created by the hand of 
man, could be seen with the naked eye on its 





Sir Harrie Massey, Professor of Physics at University 
College, London, in his inaugural address urged the 
cooperation of all countries in the exploration of the 
upper stratosphere. 


path through the heavens, testifying to the West’s 
will to employ astronautics in the service of 
peace. There can, however, have been few 
delegates who did not secretly expect news of a 
launching from behind the Iron Curtain. But 
by the fourth day of the Congress, a day when 
delegates had the opportunity to make personal 
contacts during a peaceful excursion to Stock- 
holm’s maze of islands, there was still no news 
from the East, and it was presumed by some that 
the Russians had made an attempt and failed. 
On the Friday, therefore, the news of the launch- 
ing of Sputnik V, carrying a whole menagerie, 
including two dogs, came like a bolt from the 
blue. Small wonder that the hall in which Pro- 
fessor Sedov, the head of the Soviet delegation, 
and Frofessor Blagonravov held their press con- 
ference, was crammed to overflowing. To the ques- 
tions which hailed down on them from all sides, 


Space Sciences Advance on a Broad Front 


The Eleventh IAF Congress at Stockholm 


By K. Prochazka, Interavia, Geneva 


the two scientists answered, as usual, readily but 
evasively: “... Yes, recovery of the capsule 
was intended at a given time and at a predeter- 
mined spot... the supplies on board were 
adequate to keep the animals alive for the dura- 
tion of the experiment...” There was, however, 
in Professor Blagonravov’s words an unmistak- 
able note of conviction that the experiment would 
be successful, a conviction which left scarcely 
any doubt as to its outcome; such an attitude 
was the more remarkable as the Russians are 
normally very careful to avoid predictions, even 
if only hours in advance. 

The success of the Soviet experiment unequi- 
vocally demonstrates that we are nearer to 
manned space flight than has hitherto generally 
been assumed. As far as it has been possible to 
ascertain from the information at present 
published, the capsule would have been adequate 
to carry a man and all the equipment necessary 
to ensure his survival. 

Sputnik V is only one more logical step in a 
programme from which the maximum political 
and economic capital will be extracted. While 
the Russians are for the time being uniting all 
their resources to achieve a single goal, that of 
sending a man into space and returning him safe 
and sound to earth, the Americans are proceeding 
ona broader front. Their method unquestionably 
promises more fruitful scientific results, but must 
of necessity lead to a dissipation of effort and 
above all to enormous expense. The latter factor 
was brought home most impressively in the size of 
the delegations to the Stockholm Congress: 
the USA sent nearly 300 delegates all the way 
across the “big pond” (200 active participants, 
not counting members of families), while the 
Soviet Union, which is only a stone’s throw 
from Sweden, was represented by a mere half- 
dozen scientists and an interpreter. 

Moreover, the dates selected by the USSR 
for its launchings are obviously chosen so as to 
achieve the maximum psychological effect. 
Despite Professor Blagonravov’s denial that there 
was any connection between the Sputnik V 
launching and the IAF Congress, the fact that the 
two coincided can hardly be a matter of chance. 


International cooperation—with 
reservations 


Given the political and strategic significance of 
space vehicles, particularly earth satellites, the 
difficulties of achieving genuine international 
cooperation, i.e., cooperation between East and 
West, must be patent to even the most incorri- 
gible optimist. Nevertheless, a small step in this 
direction was taken in Stockholm. On the first 
day of the Congress the plenary session of IAF 
delegates decided that two new organizations 
should be founded under the auspices of the 
International Astronautical Federation: the Jnter- 
national Academy of Astronautics and the Insti- 
tute of Space Law. The academy has its origin 









































in a proposal by Professors Theodore von Karman 
and Eugen Sdnger, while the Institute of Space 
Law has found its main advocate in A. G. Haley, 
the lawyer and former President of the IAF. 
The Academy of Astronautics is similar in its 
statutes to the purely national scientific institutes 
of many countries. A nucleus of members was 
elected in Stockholm, and further members 
will be adopted by election at the proposal of 
regular members. The Academy is divided into 
three sections: 


Section I: 
Section II: Engineering Sciences; 
Section III: Life Sciences. 


Also included in Section III are the social 
aspects of astronautics, in particular space law. 
The 45 members elected in Stockholm represent 
15 nations, including countries of the Eastern 
Bloc such as Bulgaria and Czechoslovakia; 
Professor Pesek of Prague is Chairman of Sec- 
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Friendly meeting between East and West... on the 
social occasions. Left to right: Professor A. Blagonravovy, 
Professor L. Sedov, F.C. Durant Ill, Dr. Wernher von 
Braun, Professor Theodore von Karman, Professor E. Brun 
(half concealed), unknown. 


Professor Oberth (left) with Dr. Stuhlinger (centre) and 
Professor Eugster (right) on an excursion to the Stock- 
holm islands. 
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thrust 12 million Ib 


To transport a two-man capsule with chemical propulsion 
from the earth to the moon and bring it back again would 
require 12 million pounds of launching thrust for the 
first stage. However, if the propellants for the upper 
stages of the moon vehicle (far right, 3 and 4) are brought 
up by “ tankers,” the same missions can be carried out 
with six carrier rockets (developed Saturn) of 2 million 
pounds thrust each (proposal by Wernher von Braun). 


tion II. A further nine seats were reserved for 
Soviet scientists, who have, however (provi- 
sionally?) declined to enter the Academy; no 
reasons were given for this decision. It would be 
regrettable if the Academy, which is designed to 
aid in the preparation of peaceful space projects, 
were unable to reach its full stature owing to the 
absence of the Soviet Union. 


Too much of a good thing 


To put it bluntly, the Stockholm Congress 
suffered from a plethora of programme arrange- 
ments. Of the six days of the Congress, two were 
devoted exclusively to social events, so that a 
bare 314 days (on the last day papers were read 
in the morning only) remained in which to cover 
the following ground: 


@ over 90 main sessions, grouped into 10 sec- 
tions; 

@ a space medical symposium; 

@a small sounding rockets symposium; 

@ an astrodynamics colloquium; 

@ a space law colloquium. 


In addition, there were film shows, plenary 
sessions of IAF delegates, and conferences of 
various committees, particularly in connection 
with the newly founded Academy. 

The multiplicity of the problems to be dealt 
with will naturally increase as astronautical 
science progresses, so that there would be no 
justification for limiting the papers read at future 
IAF Congresses to a few selected topics. On the 
other hand, however, it would be advisable if, a 
few weeks before the Congress, delegates could 
receive the texts of all papers of which the 
organizer has received notification. Papers should 
be distributed on the opening day of the Congress 
at the very latest, not merely in the form of brief 
extracts, which are often unrevealing, but in full 
and with complete illustrations. At the Congress 
itself only the main lectures would be given in 
their entirety, and the remaining papers would 
be read in abridged form. Although this proce- 
dure would involve increased work and cost, 
these would be more than outweighed by the extra 
time available for discussions which would be 
considerably more fruitful than with the system 
employed at the present day. If they had the 
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opportunity to study papers more closely, many 
of the listeners could provide valuable comments 
on the ideas of the speakers without being pre- 
vented from doing so by the Chairman reminding 
them that the programme is—as invariably hap- 
pens—way behind schedule. In any case, the 
purpose of a scientific conference is to give 
delegates the opportunity for a verbal exchange 
of views, not to hound them mercilessly from one 
item on the programme to another, stuffing them 
full of complicated ideas which cannot be judged 
critically when presented at this breathless tempo. 

If in the following pages the writer has selected 
for comment only a few of the papers presented, 
this is merely to give a concise survey of a vast 
complexity of subjects; many interesting con- 
tributions must, alas, be passed over in silence 
owing to lack of space. 


Propulsion 


The problem of propulsion still remains the 
basic one in space research. 

The series of main lectures opened with a 
report on booster development in the USA read 
by Wernher von Braun, whom the Americans had 
once again chosen to head their delegation. A 
substantial portion of his lecture was devoted 
to the Saturn project, the so-called fourth genera- 
tion in the family tree of American boosters on 
which Jnteravia has published a number of 
reports. It is interesting to note here that NASA 
is considering various projects based on the 
“feeder” principle. If a chemically propelled 
two-man capsule were to be sent directly to the 
moon and returned to earth, a launch thrust of 
12 million pounds would be necessary. This 
could be achieved by six rockets, each with two 
million pounds thrust; one such rocket would put 
the re-entry capsule, together with the third and 
fourth stage, into a low orbit, the remaining five 
acting as “feeders” to supply the propellant for 
the successive stages of the journey to the moon. 

A similar solution was proposed by C. E. 
Kaempen (North American Aviation). Here three 
“feeders” would be launched simultaneously 
with the parent vehicle, would be guided to it 
after burnout by radar and radio signals and 
would finally unite with it to form a single 
vehicle which would then make the trip to the 
moon. 

Comparing different propulsion systems, S. K. 
Hoffman (Rocketdyne) was of the opinion that 
the solid-propellant rocket would for some time 
remain the standard instrument for stage separa- 
tion, control and attitude regulation. The 
Americans hope to raise the specific impul- 
ses at present obtained (240 to 250 seconds) 
to between 280 and 300 seconds within the 
next five to ten years. 

Extensive research is also being carried out 
into a variety of electrical propulsion systems, 
and these were dealt with in detail by E. Stuhlinger 
(NASA) in a main lecture. Although, even with 
optimum configuration, an electrical powerplant 
will provide very small accelerations—about 
1 cm/sec2, or one ten-thousandth of the earth’s 
acceleration—the specific impulses obtainable 
are from 1,000 seconds upwards. The very low 
thrusts are naturally insufficient to lift a space 
vehicle: from the earth’s surface, but could be 
used for the upper stages of interplanetary 
vehicles. If electrical propulsion were used for 
expeditions to, say, Mars or Venus, travelling 
times would be roughly the same as with chemical 
propulsion, but larger payloads could be carried. 


























The Heliodyne space probe powered by solar energy. 
The cylindrical tank contains 1,760 Ib of liquid hydrogen, 
whose pressure is kept constant at 2 atmospheres by 
means of the louvre. The hydrogen is heated by the 
sun’s radiation in tubes lying in the focal lines of the 
three mirrors, and then expelled via controllable nozzles. 
The Heliodyne would be particularly well equipped for 
the exploration of our solar system, since it is self- 
powered and hence largely independent of ballistic 
trajectories (proposal by C. C. Kelber, E. T. Benedikt 
and R. W. Halliburton). 


For journeys to remote planets, however, elec- 
trical propulsion would be markedly superior: 
for an expedition to Pluto Stuhlinger quotes a 
travelling time of 45 years with chemical pro- 
pulsion and 3 years with electrical propulsion. 

Five Lockheed scientists—in the Soviet Union 
this would be known as an “authors” collective” 
—propose a propulsion system in which the 
heat generated in an atomic reactor would be 
thermionically ' converted to electrical energy 
and used to drive a caesium ion beam engine. 
The energy is transmitted and converted entirely 
by electrostatic means. The reactor fuel envisaged 
is uranium 235. With 70 kilogrammes of fuel, a 
50 kg payload could be transported out of the 
solar system, and 50 kg of fuel would be enough 
to carry a payload of the same weight from a low 
earth orbit to the planet Jupiter in a period of 
two years. 

Even where travelling time was not the chief 
preoccupation, i.e., on missions in the vicinity 
of the earth, ion rockets could still be used. 
Stuhlinger pointed to the possibilities of sending 
ion-beam powered freight rockets to the moon— 





1 Thermionic ; temperature ionization, i.e., the release of ions 
by subjecting metals to high temperatures. 


Launching weight of a vehicle to transport a 20,000-lb 
payload into a 24-hour orbit. A. Chemical two-stage 
rocket, specific impulse 350 seconds; B, C, D. the capsule 
is initially raised to a circular orbit of 6,620 km radius 
(roughly 250 km altitude) by means of a chemical 
rocket, and from there transferred to the 24-hour orbit 
(42,200 km radius) by a nuclear reactor ion engine. 
B. 10-day transfer; C. 30-day; D. 90-day (according to 
R. O. Dietz). 
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also from an earth orbit. Although the rocket 
would take six to eight weeks for the trip, it 
could carry a payload weighing 80 percent of its 
total weight. R. O. Dietz, of the U.S. Air Force, 
saw a further application for ion rockets in 
24-hour satellites which would remain stationary 
in relation to the earth and would have particular 
significance as aids to navigation and as relay 
stations for the transmission of communications. 
Dietz proposed that the satellite should be 
boosted by chemical rockets to an orbit with a 
radius of 6,620 km ? and then placed by ion beam 
propulsion via an elliptical transfer trajectory 
(perigee 6,620 km, apogee 42,200 km) into the 
24-hour orbit (radius 42,200 km). The ion rocket 
would weigh only one third of a chemical rocket 
and would take 90 days to make the transfer. 
The weight advantage should be decisive in this 
connection, for every kilogramme placed in the 
initial 6,620 km orbit requires 100 kg of launching 
weight. 

In a theoretical paper, Dr. W. Peschka, of the 
Vienna Institute of Technology, demonstrated 
that the electron densities necessary to achieve 
beams of photons require inconceivably high 
pressures (of the order of 10?’ atmospheres!) and 
electrical field strengths which could never be 
generated. Dr. Peschka’s work has relegated to 
an “astronomical” distance the day when 
photon rockets will become a reality. 


“Medium” propulsion in space 


The unreasonable mass ratio of conventional 
rockets and the resulting gigantic launching 
weights and propellant loads have set the scientists 
on an untiring search for ways and means of 
using freely available propulsion resources. 

For example, C. C. Kelber, Dr. E. T. Benedikt 
and R. W. Halliburton (Northrop Corporation) 
proposed a Heliodyne space vehicle which carries 
only its expellant along with it and takes its 
propulsion energy from the sun. The vehicle 
consists in essentials of three components: a 
spherical tank for 1,760 Ib of liquid hydrogen, 
three automatically opening mirrors arranged 
in parallel, and a roughly 150 lb payload. The 
hydrogen flows to three tubes at the focal lines 
of the three mirrors, where it is heated by the 
sun’s radiation and is finally ejected via con- 
trollable nozzles. This power system is remarkable 
for its extreme simplicity and contains only two 
moving parts, the automatic louvre device to 
control the pressure in the hydrogen storage 
tank, and a throttle to regulate the flow of the 
hydrogen. The space vehicle (weight around 
2,200 Ib) could move on an orbit which would 
keep the earth constantly between it and the sun 
(i.e., the sun in a constant eclipse), an ideal 
situation from which to observe solar phenomena. 

Another scientist from Northrop, S. Deme- 
triades, suggested that a station orbiting the earth 
at an altitude of 90 to 120 km might be used to 
collect air, liquefy it—thus splitting it into its 
component parts—and store it. The system, 
known as PROFAC (Propulsive Fluid Accumu- 
lator), could serve as a “fuel station,” enabling 
space rocket payloads to be increased tenfold, 
since the propellant taken over from PROFAC 
would not have to be transported through the 
dense layers of the atmosphere. PROFAC’s pro- 
Pulsion system would be a magnetogasdynamic 
orbital ramjet. 

J. B. Fenn (AeroChem Research Laboratories) 
submitted a theoretical study of the utilization 


* The earth’s mean radius is about 6,370 km. 
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Assuming lens and film of adequate resolution and a 
highly reflective earth surface, earth satellites can make 
cloud measurements by optical means. The angle of 
incidence of the sunlight and the relative position of the 
photographic axis must, of course, be known. A. Sun- 
light; B. satellite with camera; C. cloud; D. cloud shadow 
on the earth’s surface (from R. P. Haviland). 


of the media surrounding the space vehicle * for 
propulsion purposes. For example, an addition 
of mass to the exhaust stream at high Mach 
numbers provides a considerable gain in specific 
impulse. Fenn calls this “medium propulsion”; 
one of the commonest examples of this type of 
propulsion is, of course, the air-breathing engine. 


No space research without electronics 


Although rocket science has enabled instru- 
ment capsules to be sent into space, the credit 
for the ability to take and evaluate measurements 
must go to electronics. The majority of research 
results to date have been obtained through tele- 
communications channels, though recent events 
have shown that stored data can also be acquired 
and processed after recovery of the capsule. 

According to calculations made by R. G. 
Stephenson (Space Technology Laboratories), a 
space ship would merely need to carry a 10 Watt 
transmitter with parabolic antenna 30 ft in 
diameter in order to be able to send standard 
R/T messages over interplanetary distances to 
the Jodrell Bank radio telescope with 95 percent 
reliability, assuming frequencies of over 600 Mc/s. 
For a topographical survey of Mars, a pulse- 
modulated television transmission system working 
on a 1 Mc/s bandwidth could transmit high- 
quality pictures at the rate of one per second. 
A 100-Watt transmitter with a 100-ft antenna 
working on 1,500 Mc/s could send signals to 
Jodrell Bank’s 250-ft reflector. If the frequency 
were raised to 4,000 Mc/s, the ground antenna 
would need to be only 90 ft in diameter—and 
there are already plenty of such antennas in 
existence. Admittedly, both transmitting and 
receiving antennas would have to be accurately 
oriented to within 0.1 degrees, which might not 
be altogether easy, particularly aboard the space 
vehicle. 

The accuracy which can be obtained in tracking 
satellite trajectories was revealed in the paper 
read by E. B. Mullen and C. R. Woods (General 
Electric Company). Radio tracking from three 
ground stations can enable the position of a 
satellite circling the earth at an altitude of 
1,500 km to be determined to within one metre, 
and its speed to within one cm/sec. Basically 
speaking, it is only natural errors which set limits 
on accuracy. For example, the speed of light is 
known only to within 0.4 km/sec, which already 
sets an upper limit on accuracy for distance 
measurements (error 1.3 in 1,000,000). The 
demand for such accuracy is by no means 
exaggerated, since the motion of satellites in 
space and time is used as the basis for further 
deductions, such as the density of the upper 


3 For example, the upper atmosphere of planets, interplanetary 
media, etc. 


atmosphere, the structure of the field of gravita- 
tion etc. 

Communications in space also present numer- 
ous problems from the point of view of the 
expert in international law. As A. G. Haley 
pointed out, it is high time that undisciplined 
space transmissions were stopped, and inter- 
national agreement reached on the wavelengths 
to be reserved for astronautical purposes. 
Admittedly, certain resolutions were passed in 
Geneva in 1959 and embodied in the Radio 
Regulations. But these are quite inadequate. 
Before this provisional agreement was reached, 
there had already been 43 launchings of artificial 


How an earth satellite can be used in the service of 
meteorological research was revealed by this exhibition. 
In the foreground, a model of the Tiros I. 


heavenly bodies (including unsuccessful attempts), 
many of which had a whole arsenal of trans- 
mitters on board. An Extraordinary Administrat- 
ive Radio Conference on Space Communications 
is to be held in 1963 to discuss all these questions. 
Needless to say, the astronauts will present a long 
list of requests, since the most varied tasks must 
be entrusted to electro-magnetic waves: data 
transmission, tracking, remote control, trans- 
mission of commands, navigation, television, 
keyed and voice radio. 


Contributions from the USSR 


As usual the Russian scientists restricted 
themselves to “harmless” topics and reported 
on measurements which had been made in the 
exploration of the upper atmosphere, the moon 
and interplanetary space. 

Considerable applause greeted Professor A. Mik- 
hailov’s map of the other side of the moon. 
The map was constructed from photographs 
radioed back to earth by the Soviet space probe 
which was launched on October 4th, 1959. 
Altogether there were nine usable photographs, 
on which nearly 500 details could be detected, 
more than half of them clearly distinguishable. 

Professor Krassovsky discussed problems en- 
countered in the exploration of the upper 
atmosphere, with special reference to the intensity 
of corpuscular radiation. S. N. Vernov gave a 
series of data relating to radiation intensity 
around the earth, which showed that the inner 
radiation belt made up of protons is delimited 
by a line of force cutting the earth’s surface at 
roughly 35 degrees geomagnetic latitude, while 


INTERAVIA No. 10/1960 1299 








the outer radiation belt lies between the lines of 
force which pass through the earth’s surface at 
55 and 70 degrees geomagnetic latitude. Between 
the two radiation belts the proton and electron 
density falls to one thousandth. 

Other investigations were concerned with the 
frequency of meteorites and with the earth and 
moon magnetic fields. Maximum value for the 
magnetic field strength on the surface of the 
moon is given as 1/400 of the value measured on 
the earth’s surface. 


Science of the future: space medicine 


On the threshold of manned space travel, it 
is not surprising that the young science of space 
medicine and astrobiology should be coming 
more and more to the fore. A detailed basic 
paper by Professor H. Strughold discussed a far- 
reaching programme for the ecological explora- 
tion of space and described the first target as 
being the preparation of a climatic map of 
interplanetary space. Only if engineers and 
biologists work in close cooperation, the Pro- 
fessor stressed, can the optimum solutions be 
found. If, for example, a trajectory with minimum 
energy requirement is selected for a journey from 
Earth to Mars, the long journey time involved 
can necessitate a complicated, heavy and costly 
system to maintain acceptable living conditions 
aboard the vehicle. On the other hand, a tra- 
jectory giving the shortest journey time would 
require a gigantic propulsion effort. A proper 
solution lies somewhere in between. 

A similar line was followed by Dr. E. B. 
Konecci (Douglas Aircraft Company), who 
recommended the use of feeder vehicles to supply 
space ships on missions near the earth, so that 
the reserves to be maintained aboard the actual 
space vehicle can be kept to the minimum. In 
Dr. Konecci’s view, research should concentrate 
less on miniaturizing vehicle systems than on 
improving them and above all on increasing 
their reliability. 


Rewarding tasks for small countries 


Although it will probably be left to the two 
economically strongest nations, the United States 
and the USSR, to build and launch space vehicles 
on a large scale, there is still plenty of room for 
other countries to take an active part in space 


Dr. A. Miele illustrates his theorem of image trajectories. 
Once a physically possible trajectory from the earth 
(large disc) to the moon (small disc) has been found 
(continuous line), a physically possible return trajectory 
(dotted line) can be readily obtained simply by projecting 
a mirror image of the outward trajectory about the earth- 
moon axis. 
































99000 4-1 — 
aan 1 
= 1 —— No aero braking 
3 10000 +— 
= 3, V) 
8 
2s 4 H -— 25,000 ft/sec aero braking 
o ' 
o§ . 
og \ 
2s \ 
35 Ne 
Sx 1000-+— me pod Vein 
sa.. °7 NS . 
° a 6 th, NG 100 
= Ny 
os 4 4 ates 
2~ 300 at ——— 
a3 1000 2000 3000 4000 5000 


Specific impulse (seconds) 


Direct operating costs of a nuclear-powered space 
vehicle for a lunar round trip. The figures above the 
curves show the number of trips for which the one vehicle 
can be used. Admittedly, specific impulses of over 
850 seconds are still purely hypothetical (from Hunter, 
Matheson and Trapp). 


travel work. For example, it will take years to 
evaluate all the data obtained from the earth 
satellites already launched. The papers read at 
Stockholm clearly show that this is a field in 
which small countries can make valuable contri- 
butions. Whereas, for example, nearly all the 
lectures on topics such as space projects, pro- 
pulsion and navigation were read by American 
scientists, the majority of the papers on such 
subjects as the atmosphere, interplanetary envi- 
ronment, trajectories and medicine were provided 
by smaller countries: Austria, Belgium, Czecho- 
slovakia, Denmark, Israel, Norway, Yugoslavia, 
etc. The industries of these countries could quite 
well develop rocket probes, measuring instru- 
ments, data transmission systems and other 
accessories for space vehicles, as well as building 
and operating ground stations to track artificial 
heavenly bodies, calculate their trajectory and 
receive their signals. 

As H. Friedman (U.S. Naval Research Labora- 
tory) pointed out, rocket probes and satellites 
have provided valuable information on the density 
of the upper atmosphere, but have so far only 
hinted at its chemical composition. For example, 
the extent to which dissociation of oxygen and 
nitrogen depends on altitude is known only 
very approximately. The structure of the atmo- 
sphere below an altitude of 300 km could be 
closely studied by means of photometric measure- 
ments using synoptic probes. As, however, the 
state of the upper atmosphere is affected by a 
multitude of influences, both periodic and 
sporadic, a systematic study could be made only 
through repeated and simultaneous launchings 
of rocket probes from different geographical 
latitudes and at different times of the year. 
The programme should extend over at least one 
full solar cycle. 

Two German scientists, H. K. Paetzold and 
H. Zschérner (Munich Institute of Technology) 
used the known accelerations and decelerations 
of earth satellites as a basis for deducing the 
qualities of the exosphere. Variations in the 
number of sun spots and in the electromagnetic 
solar radiation in the decimetre band, day and 
night effects and magnetic storms can combine to 
cause pressure variations in the ratio of 1 to 
1,000 at an altitude of 1,000 km. 


Cther topics 


Paradoxically enough, it was often the astrono- 
mers who were in earlier days among the bitterest 
opponents of astronautics. The situation has in 
the meantime radically changed, and today many 





astronomers not only play their part in evaluatin; 
measurements, but also do valuable work i: 
making detailed calculations of trajectories. O 
the various lectures on the subject of “Traject 
ories,” however, the paper of a non-astronomer i 
worthy of special mention. In a stylish expose 
Dr. A. Miele (Boeing Scientific Research Labora. 
tories) proved the validity of two theorems 
which he called the Jrreversibility Theorem anc 
the Theorem of Image Trajectories. The first 
states that if a trajectory is physically possible in 
the earth-moon space, the reverse trajectory is 
not physically possible. According to the second 
theorem, if a trajectory is physically possible in 
the earth-moon space, the image of this trajectory 
with respect to the earth-moon axis is also 
physically possible, provided the image trajectory 
is flown in the opposite sense. The latter theorem 
is of great practical significance since, although a 
large electronic computer still takes, as before, 
45 minutes to calculate a single trajectory, three 
additional trajectories can be obtained simply by 
transforming coordinates. 

J. E. Draim and C. E. Stalzer (U.S. Naval 
Missile Center) are trying to combine Navy 
interests with those of astronautics. They propose 
that large solid-propellant rockets be designed 
for launching from the surface of the sea, on 
which they are first floated vertically. The advan- 
tages of such a system, say the authors, are that 
there would be no transport problem, as the 
rockets could be assembled in dry dock and 
towed on floating docks to the launch point; 
there would be freedom of choice of launch point 
(there would, for example, be no difficulty in 
launching rockets from the equator); and vul- 
nerability, even of larger units, would be relatively 
low. 

Soft lunar landings were the subject of a study 
by K. Stehling (NASA); this will be discussed 
in greater detail in a later issue of IJnteravia 
Review. 

Much interest was aroused by two lectures 
given by R. P. Haviland (General Electric Com- 
pany) and S. Sternberg (Radio Corporation of 
America) on the use of earth satellites in meteo- 
rological research. Both scientists played an 
important part in the Tiros IJ project. Interavia 
will shortly be devoting an article to this highly 
topical subject. 

Journeys to the moon will not be the prero- 
gative of the chosen few. The ordinary mortal, 
too, will—if he wishes—be able to afford trips 
to the moon or Mars, say M. W. Hunter, W. E. 
Matheson and R. F. Trapp (Douglas Aircraft 
Company). In their paper they come to the con- 
clusion that the direct operating costs of a 
nuclear-powered space vehicle for the earth- 
moon trip will come to about $500 per passenger, 
and $2,000 per passenger for the earth-Mars 
journey, under the following conditions: the use 
of recoverable single-stage boosters having 
specific impulses of 2,000 seconds (liquid hydro- 
gen vaporized by nuclear reactors and ejected at 
high speed). 

To come back to the present, the undisputed 
progress made in the bare three years since the 
first two Sputnik launchings should not blind us 
to the fact that we are only at the beginning of 
the age of space travel. As Wernher von Braun 
put it in Stockholm: “As great as these space 
probings may seem to us at the moment, they 
are as primitive, comparatively speaking, as the 
first hot-air balloon that once made man’s first 
penetration into the outer atmosphere.” 























High Speed Aerodynamics and Jet Propulsion. 
Volume V, Turbulent Flows and Heat Transfer. — 
Edited by C. C. Lin. — Princeton University 
Press, Princeton, New Jersey, 1959 (English; 
549 pages; price $15.00). 

One of the most difficult aspects of aerodynamics 
is the theory of turbulent flow, to which the first 
half of the book under review is devoted. Despite 
the many works already published on the subject, 
it is still not yet possible to obtain a complete picture 
of the nature of turbulence. Nevertheless, research 
has reached a stage where the appearance of a col- 
lection of writings such as the present one is very 
welcome, the more so as literature on the subject 
is dispersed and often accessible only with difficulty. 

The first section of the book bears the title Transi- 
tion from Laminar to Turbulent Flow. The author, 
no less a man than Hugh L. Dryden, Deputy Director 
of the U.S. National Aeronautics and Space Admi- 
nistration, discusses the main forms of flow and 
points to future tasks for research. The second 
section, Turbulent Flow, is the work of two scientists 
of the National Bureau of Standards, Galen B. 
Schubauer and C. M. Tchen. Departing from general 
hydrodynamical equations (equations of continuity 
and momentum, equation of kinetic energy and 
equation of energy and enthalpy), the authors deal 
with boundary layers in compressible and _ in- 
compressible media. A short chapter is devoted to 
free turbulent flows. In the third section C. C. Lin, 
of the Department of Mathematics at the Massachu- 
setts Institute of Technology, tackles the Statistical 
Theories of Turbulence. Thanks to the research 
carried out in this field during the past fifteen years, 
above all in Britain and the United States, highly 
promising statistical methods can be used where 
analytical means have failed. Although in this 
section the stress is naturally laid on theory, the 
results of some practical experiments have been 
included for purposes of comparison. 


Book Reviews 


Flow phenomena and heat transfer are inseparable 
linked with many turbulence problems. It is threy- 
fore no chance that the second half of the book is 
devoted to heat transfer. A section on heat conduction, 
restricted to an analysis of cases of importance to 
aeronautical and astronautical techniques, is followed 
by two sections on convective heat transfer. Among 
the subjects discussed are boiling heat transfer, heat 
convection in laminar and turbulent boundary 
layers, aerodynamic heating and heat transfer in 
rocket motors. The next section contains a detailed 
analysis of transpiration-cooling. The volume, over 
500 pages long, closes with a section on thermal 
radiation. 

The book is intended not so much for the student 
as for those who are already familiar with the subject, 
informing them of the state of research and the 
application of various methods. The bibliography at 
the end of each section will help readers to extend 





their knowledge of the subject. Pr. 

Uber das Richtproblem der Phot hi triebe 
und Waffenstrahlen. — By Professor Eugen 
Sanger. — Vol. 21 of the publications of the 


Forschungsinstitut fiir Physik der Strahlantriebe. 
R. Oldenbourg, Munich, 1959 (German; 145 pages; 
paper back; DM 46.—). 


Penetrating to the boundaries of modern physics, 
the author aims at finding a way of utilizing photon 
beams. If these could be guided in a given direction, 
they could not only drive space vehicles, but could 
also find more “down-to-earth” applications, such 
as nuclear energy techniques, high-temperature 
chemistry or influencing the weather. 

As is well known, heat is nothing more than the 
undirected kinetic energy of atoms, molecules, 
elementary particles, etc. By its alignment or focussing 


we mean the removal of the random distribution of 
the speed vectors of the energy carriers, on which 
a specific direction of motion is now imposed. 
Reflectors made of tangible substances, such as 
those used in illumination and radar techniques, 
must be replaced by “mirrors” consisting of electron 
gases or magnetic fields. These “mirrors,” however, 
require such high pressures and temperatures for 
their production that, at the present stage of technical 
development, hopes that photon beam propulsion 
may become a reality are extremely slight. While 
the author is optimistic concerning the use of photon 
beams in space travel, he considers that the sharp 
focussing of these beams to:one point in space, in 
the manner of an anti-aircraft searchlight (to annihi- 
late aerial attackers with a short burst of electro- 
magnetic radiation), is hardly a feasible proposition. 
Wz. 


Englands geheimer Krieg —- Der Kampf der Hexen- 
meister (1939-1945). — By Gerald Pawle, (ab- 
ridged) German translation of the English original 
“The Secret War” (1956) with the collaboration 
of Dr. Hans Schiitzenberger. — Verlag fiir Wehr- 
wesen Bernard & Graefe, Frankfurt am Main, 
1959 (German; 262 pages; 49 illustrations). 


It is in the form of a translation that the 
editors of Interavia have received this light-hearted 
account of the successes and failures of the British 
secret weapons devised at an obscure Admiralty 
department during World War II. Under the inspired 
guidance of a Canadian, Charles Goodeve, who 
chose his collaborators not only from among experts, 
but also from gifted outsiders with ideas — Churchill 
called them the “wizards”—the team experimented 
with countless projects, most of which were never 
made public. The ‘‘wizards” developed various anti- 
submarine and anti-aircraft weapons, in particular 
the Mulberry, which made a decisive contribution 
to the success of the 1944 invasion. The battles 
fought against mistrustful authorities were often 
more arduous than the technical execution of the 
plans themselves. It was due to the personal efforts 
of Goodeve that licence production of the Swiss 
Oerlikon cannon in large numbers could continue 
in Britain in 1941—when the weapon could no longer 
be imported from Switzerland. The late Nevil Shute, 
who wrote the introduction, was among the active 
members of this original team. G.D. 
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persons or the equivalent freight. 


Outstanding features of the PILATUS PORTER: 


Excellent flying qualities 

Very short take-off and landing runs 

Very good altitude performance 

Large cabin space with level floor and large double doors 
Clear view for pilot and passengers 

High payload capacity 

Broad, robust undercarriage 

Low initial and running costs 

Can be supplied with runners or floats 


Applications: 


Air taxi service 

Aerial surveys 

Pest extermination 

Parachute jumps, load dropping 
Ambulance aircraft 

Mountain operations (glacier landings) 
Communications and transport 





Pp I LATU S$ - Oo RTE K the Small Transport Aircraft 


The PILATUS PORTER is especially designed to perform a 
variety of tasks. Its short take-off and landing-runs enable it 
to operate to and from small auxiliary airfields. It carries 6—8 








Aircraft Works Ltd., Stans, Switzerland, Tel. (041) 84 14 46 





JET ENGINES 
UNDERCARRIAGES 
MACHINE TOOLS 
NUCLEAR ENGINEERING 
ENGINEERING STUDIES 
DIESEL ENGINES 
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Just fill out the enclosed order card and send it to Interavia’s nearest agent or to your bookseller 


So a 


Representatives: 
nant months 
Australasia _=Interavia, 5, Tedstone Crescent, Balwin E.8., Victoria. | 2.12.6 | 1.9.6 
Belgium Interavia, 5, Heidestraat Noord, Kapellen- ‘Anvers. Postal Cheque | 
Account: Bruxelles 792.19 INTERAVIA. » ie 210.— 
Canada Interavia, 25, Farmcote Rd., Don Mills, Ont. . Ss. 5.00 
Cuba Tano Gémez, Prado 412, La Habana. |} 9 5S. 5.00 
France Interavia, 144, avenue des Champs-Elysées, Paris 8°. Postal Cheque 
Account: 5471-40, Paris. | ; oF. 22.— | 
Germany interavia, P.O. Box 99, Bonn 3. Postal ag payee: Kéln 194.802. 
Bankers: Frankfurter Bank, Frankfurt/M., No.5 
Great Britain Interavia (U.K.) Ltd., 149, Fleet Street, erg E.C.4. Bankers: 4 
Swiss Bank Corporation, 99, Gresham Street, London, E.C.2; Lloyds 
Bank Ltd., 39, Piccadilly, London, W.1. 
Holland Henk A. Jansen, ag ps age 84, Amsterdam-Z. Bankers: Interavia, e 
Amsterdamsche Bank N.V (Postal Cheque Account No. 800 
Amsterdam. 
India Interavia, No.2, Gandhigram Rd., Juhu, Bombay. Bankers: Lloyds Bank | | 
Limited, Dr. Dadabhoy Naoroji Road, Bombay 1. 
Italy Interavia, Via Latina 43, Rome 4.71. 
Japan Interavia, Isogo, P.O. Box 3, Yokohama. j Ss. r 
Mexico Interavia, Apartado Postal 2297, Mexico 1, D.F. 
Middle East  Interavia, P.O. Box 966, Graham Station, Beirut. 
South Africa Interavia, P.O. Box 10242, Johannesburg. Bankers: Volkskas, Market St., 
Johannesburg. 
South East Interavia, P.O.Box 192, Vienna |./1. Postal Cheque Account: Osterr. 
Europe Postsparkassenamt, Wien, No. 153.073. 190.— | 6.Sch.| 110.— 
Spain Interavia, Donoso Cortés 83, Madrid. 450.— | Pts. | 240.— 
Sweden Interavia, P.O. Box 29, Linképing. 40.— Kr. 22.50 
Switzerland Interavia, Corraterie 6, Geneva. Postal Cheque Account: Genéve: |. 5380. | 32.— | sFr. 18.— 
U.S.A. Interavia, 185 Madison Ave., New York 16, N.Y. | 9.00* $ 5.00 
Venezuela Michel Frochot, Apartado 2.648, Caracas. 9.00*| U.S.$ | 5.00 
* two years $ 16.00 three years $ 22.00 


Currency -. 


Please enter my Subscription to I NTE RAVIA 


C) 1 year 

in English/French/German/Spanish * for ( 2 years r 
1 3 years 

commencing with the /19.....issue 0 6 months 

Subscription fee —) Check enclosed 
0 Please bill 


Name: ** . 

Address: ** 

Profession: 

Employer: ...... 
For gift subscriptions: 
This subscription has been ordered by: 
Name and address: ** 


Profession: 





Signature: ... 


* Please check language desired ** Please write in block letters 





INTERAVIA 


Aviation publications 
read the world over 


Daily: INTERAVIA Air Letter — World Aviation and Astronautics 
Day by Day 
in English, French and German 


Monthly: INTERAVIA World Review of Aviation and Astronautics 
in English, French, German and Spanish 


Yearly: INTERAVIA ABC World Directory of Aviation and 
Astronautics 
in English, French, German, Italian and Spanish 


INTERAVIA 


WORLD REVIEW OF AVIATION AND 
ASTRONAUTICS 


Please fill in the address 





tics 


nish 











Whether you're part of a gay group around a hot casserole of melted cheese 
in Geneva, Switzerland...or savoring Argentine-style fancy fried steaks 

in Buenos Aires...one thing you'll find the same on your way to both places: 
the smiling Swissair service that’s yours when you travel by the airline 

of Switzerland. 


In the very atmosphere aboard a Swissair plane you'll feel at once the dual 
quality in the soul of the Swiss...the art their great hoteliers have developed 
to such perfection of giving their guests a good time...and the passionate 
devotion the Swiss have to the ideal of faultless watchlike precision in every 
thing they do for you. 


That's why, whether you’re flying to North or South America, to the key 
cities of Europe and the Middle East, or on to the Far East, you'll no glad you 
decided to fly there by Swissair. 


Your travel agent will tell you: air fares are all the same; service makes 
the difference. 


Jet service across the North Atlantic and among key cities in Europe, the Near 
and Middle East. 





SWISSAIR 





Churraseo Rebosado 









REFRASIL 


the supreme lightweight 
high temperature 
insulating material 


Refrasil insulating blankets for gas turbine 
and other insulating applications are 

used by most leading engine makers and 
aircraft builders. These lightweight 
blankets are manufactured in cloth or in 
made-to-measure stainless steel envelopes. 
Other Refrasil products include Astrasil 
and special integral blankets for aircraft 
pipework systems (De-Icing, Cabin 
Heating, etc.). 





Write for a detailed descriptive leaflet to: 


DARCHEM ENGINEERING LTD. 


Stillington, County Durham, England 
Telephone: Stillington 351 


A MEMBER OF THE DARLINGTON GROUP OF 
COMPANIES 

















THE MOST MODERN AND COMFORTABLE JET PLANE 


3 ALITALIA 

















MATRA Need High Purity WATER 


For Fueling Jets ? 


Penfield Demineralizers Are Performance Proved 


SPECIAL MISSILES For Service at Airports. 

ROCK ET LAU NCH E R S Pratt & Whitney depends on Penfield pletely “Packaged” — requires only 
~ Demineralizers at its Jet Engine Testing simple connection to airport service lines 
Laboratories. Penfield units also are in to start delivering super high purity, de- 
A UTOMATIC Pl LOTS active service at airports from Iceland to mineralized water. Operation is trouble- 
the tropics — for Esso, Pan-Am and Ame- free, low in cost—can be fully automatic, 

rican Airlines. where desired. 
Each Penfield is always shipped com- Availability of 50 standard models 


insures meeting any purification and flow 
rate need. Write today for full information. 


BOULOGNE S/SEINE PENFIELD 
‘ > Manufacturing Co., Inc. The Pioneer Designer and 

27, Quai de Boulogne MOLitor: 60.10 19, High School Ave., Meriden, Conn., Manufacturer of “ Packaged "’ 
U.S.A. Demineralizers for Industry 


















AVIATION - SHIPPING - ELECTRONICS 


ALL WIRES and SPECIAL CABLES 


“Grand Public" and “ Professionnel "’ officially approved cable 


strands. Land lines. 
S. A. capital 100 million francs 


Cables for microphones, cameras, telephones. 
Coaxial cables fo French and American standards. 
140-146, r. Eugéne-Delacroix, DRAVEIL (S.-&-O.) 
Telephone : BELle-Epine 921-55-87 






























COSTRUZIONI AERONAUTICHE 


GIOVANNI 







° 
oe 
” 


4 
o* 
. 











Production helicopters : 
AB 47G - AB 47G2 - AB 47G3 
AB 47) - AB 47J3 - AB 102 


Experimental helicopters : 


AZ 101G - A103 


Aircraft : 
Four-engine AZ 8L 


CASCINA COSTA 
GALLARATE 
ITALY 





ENGINES 





AIRCRAFT 


POTEZ AIR FOUGA =A XO Bod 


46, Avenue KLEBER - PARIS (16‘) 
KLEber 27-83 POTEZ-AERO-PARIS 
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Converts ' 
FIGHTER TO TANKER r 
in 60 minutes ‘fe 
The Mk20 Refuelling Pack oa 
Tuck a Mk 20 Refuelling Pack under the wing of a single-seat fighter and it ( a 







becomes a high-ceiling, high-speed aerial tanker. With the refuelling pack te ( 
P 4. E 


Probe and Drogue in-flight refuelling is possible, 40,000 ft. (12,200 metres) 
up, at 300 knots (566 k.p.h.) indicated, and at the rate of 150 gallons per 
minute (680 litres per minute). In just 
60 minutes this compact self-powered 
ram-air turbine-driven unit weighing 
only 800 Ib dry weight (363 k.g.s.) can 
be fitted to standard underwing 
pylons of fighter and strike aircraft. 
Removal of the store is even quicker. 
The refuelling pack’s own capacity is 
150 gallons (680 litres) but it can trans- 
fer as much fuel as the aircraft can 
carry. It speaks for the simplicity of 
the controls that the unit can be 
operated safely from a single-seat 
aircraft. The refuelling pack is built by 
Flight Refuelling Limited, the pioneers 


of the Probe and Drogue in-flight Fa 
ete ee Flight Refuelling Ltd ut 


TARRANT RUSHTON AIRFIELD, BLANDFORD, DORSET, TELEGRAMS: REFUELLING, BLANDFORD 








ACTUATE... 


like 
Fokker did 
with its F-27 


Write to Jack and Heintz about 
your actuator problems. We will work 
with you, as we did with Fokker, to research, 
design and produce actuators or actuator systems for 
aircraft, missiles and ground support. J&H offers extensive 
experience in systems for military aircraft... plus the advantages 
of one location for complete development and production of design. 

Tell us about electric, hydraulic, electrohydraulic, electromechanical or pneumatic aerate persian 


systems or components for linear or rotary actuation ...in the applications listed. Control Surface 
Boom Folding 


GROUND SUPPORT 


Bac K & He INTZ, Inc. Leveling » Erecting 


SYSTEMS FOR AIRCRAFT, MISSILES AND GROUND SUPPORT Positioning » Spinning 
Service Boom 





Fokker F-27 
D7-8 Actuator 
for F-27 Wing Flaps 


J&H ACTUATOR 
CAPABILITIES 


AIRCRAFT 

Wing Flap « Slat 
Trim Tab « Canopy 
Horizontal Stabilizer 
Rudder « Speed Brake 
Missile Carriage Drive 
Bomb Bay Door 

Wing and Fin Folding 
Thrust Reverser 
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13 East 40th Street, New York 16, N.Y. © Cables: ARLAB 
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THE AIRCRAFT AND SPARES OF 


WGeech Circraft Corporation 


are sold in: Switzerland, Austria, Italy and France exclusively by: 


SEAMS AAS TRANSAIR S.A. PAAVALASSES 


Aérodrome de Neuchatel, COLOMBIER/Suisse, Tel. 637-22 42 VIA MANZONI - MILANO 9 rue Boissy d’Anglas, PARIS 8°, Tel. ANJOU 17-57 


CERTIFICATED REPAIR AND MAINTENANCE FACILITY AT NEUCHATEL 





Narco NARK V 





90-CHANNEL VHF TRANSMITTER 
190-CHANNEL CRYSTAL-CONTROLLED 
VHF RECEIVER 


Narco, America’s leading builder of radio for business aircraft, offers 
the Mark V with 90-channel 5-watt transmitter covering all frequencies 
between 118.0 and 126.9 mc, and a crystal-controlled VHF receiver 
covering all 190 channels between 108.0 and 126.9 mc. With new, 
long-life transistor-toroid power supply, weighs only 914 pounds, 
Has variable squelch feature for “ hash-free” reception. 12 or 24-volt 
models. Low cost. 


PROVIDES CRYSTAL-TUNED VOR/ILS 
Coupled with the Narco VOA-3/CS-3A or CS-5 
VOR/ILS converter, the Mark V provides the con- 
venience of instant, crystal-controlled tuning to VOR 
or ILS localizer frequencies. 





BRAND NEW! Narco MBT three-light 75 mc Marker Beacon 
Receiver. Total weight only 18 ounces! Send for information. 





For Information and Bookings . 


Consult your IATA Travel Agent or MIDDLE EAST AIRLINES Offices everywhere 
MIDDLE EAST AURLIWES he Pheton AIRCRAFT SUPPLIES, 


Teterboro, W. J., U.S.A. Cable VANDUSAIR 
NARCO world-wide Distributors 


8.0.A.C. Associate 














89 % OF CIVIL AND MILITARY JETS 
aoe ARE REFUELLED BY O 1 
td 
K3 -SOFRANCE 
EFFICACITY FOR 
100 %H ELIMINATION WATE red SOLID PARTICLES 
OF 


SOFRANCE S.A. — TELEX: 58 036 — PARIS, 206, bd Péreire, tel. ETO 35-19 — LYONS, 1, rue Ferrandiére, tel. 37-82-52 — DUNKIRK, 24, rue Faulconnier, tel. 28-68 
LIMOGES, 34, av. Général-Leclerc, tel. 37-26 and 28-23 — ALGIERS, 5, rue Lys-du-Pac, tel. 360-29 — BRUSSELS, 35, av. des Canaris, tel. 72-76-13 
STUTTGART, Stephanstrasse 33, tel. 930-27 — LIVORNO, Corso Mazzini 70, tel. 24-481 — TARRASA (BARCELONA), San Cristébal 27, tel. 4745 
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“FLEXELITE” and “MARLITE” 


FLEXIBLE 
TANKS 


for aircraft 
and missiles 


LAMINATES 


RADOMES, 
ANTENNA HOUSINGS, 
FAIRINGS, 


and for the transport and storage 
of all liquids 


FOLDING 
TAN KS (100 litres to 40 m’*) 


PAUL-MARTIAL - 108 






"> sedate Fiazioc aboinie ss Ot at 
LICENCE MARSTON EXCELSIOR LTD. 


FERMETURE ECLATR 
DIVISION MARSTON 


95, BD CHARLES DE GAULLE - PETIT-QUEVILLY (S.-M.) TEL.: 70-03-80 


SAFETY GLASS - NON-MISTING - NON-FROSTING 
GLACE TRIPLEX - LONGJUMEAU 
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MANUFACTURES FUEL 
FILLING EQUIPMENT 
AND CIRCULATION SYSTEMS 
FOR ALL AIRCRAFT, 

AS WELL AS AIRFIELD 
REFUELLING SYSTEMS 


* 


EQUIPS THE FOLLOWING AIRCRAFT: 


CARAVELLE - ETENDARD - MAGISTER - MIRAGE 
NORATLAS - SUPER MYSTERE - VAUTOUR etc... 





LICENCES FOR BENDIX - HOBSON - FLIGHT REFUELLING 
PLESSEY - SAUNDERS VALVE 














se Louise Michel Levallois-Perret - PEReire 17-02 


Five different editions 
of the Jeppesen Airway 
Manual, covering 


Safety first !... 
says Captain Sharp... 


Send off your coupon 


today for the new free catalogue 
describing 


Europe, Near East, Middle East, 
Southeast Asia, East Africa 





e Computers ¢ Plotters « Flight cases « Knee pads 
(to facilitate use of folding maps in the cockpit) 
e Briefing booklets and other “ treasures’’ for the pilot 


To: 


eBeppesen ECo. G.m.b.n. Frankfurt / Germany 


Kaiserstrasse 72 


Pleas? send free catalogue to: Ss 
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Price per binder for 6 issues: 
Switzerland: 7.— SFr. 


* post free but excluding customs charges 


Snap-on Covers 


for INTERAVIA REVIEW 


Have you already ordered the 
binders for your 1959 volume 
and issues 1 to 6/1960? 


* Other countries: 12.— SFr.; £1.0.0; $3.00 


INTERAVIA 








A Short Guide to Radio Navigation 
and Air Traffic Control Systems 


English, French, Spanish, German 
Reprint from “INTERAVIA, Review of World Aviation” 
Nos. 5 and 6, 1958 

Available in three editions with explanatory 
text in either English, French or German and 
definitions in English, French, Spanish and 
German. 

Glossary of English/American abbreviations. 
24 pages; 31 diagrams; 2 tables. 

Price: SFr. 2.50; U.S. $0.80; £0.4.6, postage 
extra. 


S.A., Geneva 11 














SERVICES LINKING 


4 


LINEAS AEREAS DE ESPANA 


CONTINENTS 





Papier couché Massey: Papeterie de Cham S.A., Cham 


Cover, four colour printing and photogravure : Fabag Druck Zurich . Letterpress printing : Imprimerie de la Tribune de Genéve 


Printed in Switzerland 
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Gun Fire Control System 
for 40 mm guns 


CONTRAVES ITALIANA S,A ROMA 





Convair’s F-106A Delta Dart 
all-weather interceptor holds 
- the world ;speed record of 1525 
miles per hour. It Jis now operational 
with the U.S.A.F Air | Defense Command. 


WORLD SPEED RECORD 


CONVAIR 
a ovision or GENERAL DYNAMICS CORPORATION 


*Established December 15, 1959, Edwards Air Force Base, California. Judged, photographed and tracked by official teams of the National Aeronautic Association. 





